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UNITED  STATES 

DEPARTMENT  OF  AGRICULTURE 


SOIL  CONSERVATION  SERVICE 


Upper  Darby,  Pa. 
Apri]  U,  1951 


Mr.  Clyde  A.  Zehner 
Chairman,  State  FMA  Committee 
Production  & Marketing  Administration 
?28  No  Third  Street 
Harrisburg,  Pennsylvania 

Dear  Mr.  Zehner: 

I wish  tc  thank  you  for  your  comments  on  the  preliminary  draft  of  the 
Youghiogheny  River  Watershed  Report  and  Appendices  which  you  presented  in 
your  letter  of  February  26,  195l>  addressed  to  Ivan  McKeever,  State  Con- 
servationist at  Harrisburg,  Pennsylvania© 

The  statement  on  page  A-5  of  the  appendix,  which  states  that  53  percent  of 
the  farm  woodland  is  being  grazed,  has  been  re  checked  and  found  to  be  cor- 
rect. I agree  with  you  completely  that  there  is  a tremendous  job  to  be 
done  by  all  agencies,  both  state  and  federal,  in  correcting  this  condi- 
tion. 

Ycur  comment  that  the  report  should  have  included  recommendations  for 
keeping  industrial  and  coal  mining  wastes  out  of  the  streams  is  interest- 
ing because  that  same  comment  was  made  by  others.  The  problem  of  polluted 
streams  is  certainly  a pertinent  one  today©  However,  the  scope  of  this 
Departmental  report  is  limited  tc  recommendations  for  water  retardation 
and  soil -erosion  prevention;  therefore,  it  was  not  possible  to  recommend  a 
definite  program  for  the  correction  of  this  problem© 


Very  truly  yours. 


Austin  L.  Patrick 
Regional  Director 


cc:  Ivan  McKeever 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
Production  and  Marketing  Administration 

College  Park,  Maryland 


March  14,  1951 


Mr.  Edward  M.  Davis 
State  Conservationist 
Soil  Conservation  Service 
U.  S.  Department  of  Agriculture 
College  Park,  Maryland 

Dear  Mr.  Davis: 

Your  letter  enclosing  a report  of  a survey  of  the 
Youghiogheny  River  was  duly  received.  We  have  care- 
fully examined  this  report  and  to  the  best  of  our 
knowledge,  it  seems  to  be  very  carefully  prepared. 
Other  than  this  we  have  no  other  comments  to  make. 


Very  truly  yours. 


/ y~ 

J.  **-—  /<? 


— , 


Jos.  H.  Blandford,  Chairman 
Maryland  PMA  State  Committee 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
Production  and  Marketing  Administration 


Llor  U: town,  Vos t Virginia 
March  15,  1951 


6 361? 


Llr.  L.  L.  Lo\vgk,  State  U oub  3 rva  t i on  is  t 
Soil  Conservation  Service 
L‘g  r -a  r.t  am , Ve  s t V irgin  ia 

Dear  Ur.  Lough: 

The  State  HU  Occult tee  and  State  Office  Representative 
assigned  to  Flood  Control  work  have  reviewed  the  Youghiogheny  silver 
Watershed  Report  and  Appendixes  and  agree  with  the  several  recoia- 
raenait ions  made  therein.  Ye  couaond  those  who  have  prepared  this 
raptorial  for  their  thorough  net  hod  of  compiling  data. 

For  your  infcnation,  Ur,  John  d,  Runner  has  been  designated 
a3  the  State  Office  Representative  who  will  work  on  River  Vasin 
and  Flood  Control  work. 

In  the  event  no  State  HU  Cosamittceman  is  available , Mr. 
Runner  is  well  Qualified  to  discuss  such,  matters. 


<2 


o 


Yours  very  truly, 


J.  Yard  Yood , Crainnan 
Ye st  Virginia  HU  Cori.it  tee 
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INTRODUCTION 


Authority  ® This  report  is  submitted  under  the  provisions 
of  the  Act  approved  June  22,  1936  (49  Stat*  1570),  as  amended  and 
supplemented  by  the  Act  approved  August  28,  1937  (50  Stato  876) * 
Purpose  and  Scope  of  Report  - The  purpose  of  this  report 
is  to  outline  a program  of  runoff  and  waterflow  retardation  and 
soil  erosion  prevention  for  the  Youghiogheny  River  Watershed  in 
Pennsylvania,  Maryland,  and  West  Virginias  and  to  present  recom- 
mendations for  installing  and  maintaining  the  program,  together 
with  an  analysis  of  the  oosts  and  benefits* 


The  Youghiogheny  River  is  a tributary  of  the  Mcnongahela 
River  and  has  a watershed  area  of  1,762  square  miles,  of  which 
72  pereent  is  located  in  Pennsylvania,  24  percent  in  Maryland, 
and  4 percent  in  West  Virginia, 


RECOMMENDATIONS 

It  is  recommended  that  a program  of  runoff  and  waterflow 
retardation  and  soil-erosion  prevention  be  installed  in  the 
Youghiogheny  River  Watershed  in  Pennsylvania,  Maryland  and  West 
Virginia  during  a 20«year  period  at  an  estimated  cost  of  $4* 350, 000 
to  the  Federal  Government,  and  $4,602,000  or  its  equivalent  */ 
to  local  interests,  making  an  estimated  total  cost  of  $8,952,000 
for  the  installation  of  the  recommended  program* 


Zj  Labor,  materials,  equipment,  land,  easements,  rights-of-way, 
and  other  contributions  in  lieu  of  cash  payment s? 
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The  program  will  be  operated  and  maintained  at  an  esti- 
mated annual  cost  of  $22*500  to  the  Federal  Government  and  $7^3^600 
cr  its  equivalent  to  local  interests*  making  an  estimated  total 
annual  cost  of  $766$100o 

The  recommended  program*  consisting  only  of  measures  and 
practices  that  contribute  to  substantial  and  measurable  reductions 
in  floodwater  and  sediment  damage*  includes  certain  adjustments 
in  land  use  in  accordance  with  the  needs  and  capabilities  of  the 
land  and  the  following  practices  and  measures:  contour  strip 

cropping*  cover  cropping*  diversions  and  terraces*  outlets  and 
waterways*  establishing  perennial  hay*  pasture  management*  contour 
furrowing*  streambank  erosion  control*  erosion  control  structures* 
improved  forest  management*  tree  and  shrub  planting*  public  land 
acquisition*  stream  channel  improvement  and  water  retarding  struc- 
tures© 

{h " * L — \ 

Technical  services  will  be  made  available  for  planning  and 

applying  the  necessary  land  use  adjustments*  for  planning  and 
applying  conservation  measures  on  the  watershed  and  for  integral 
ting  the  measures  included  in  the  recommended  program©  Educa® 
tional  assistance*  to  facilitate  the  establishment  of  the  measures 
and  practices*  will  be  provided  as  part  of  the  recommended  program© 

The  Secretary  of  Agriculture  may  make  such  modifications  or 
substitutions  of  the  measures  described  herein  as  may  be  deemed 
advisable  due  to  changed  physical  or  economic  conditions  or  im® 
proved  techniques  whenever  he  determines  that  such  action  will  be 
in  furtherance  of  the  objectives  of  the  recommended  program© 


. 


It  is  estimated  that  the  recommended  program  will  yield  an 


average  annual  benefit  of  $2*5l5s900©  Attainment  of  this  estimated 
benefit  depends  on  the  installation  and  proper  maintenance  of  all 
phases  of  the  recommended  program© 

Based  on  prices  and  costs  expected  to  prevail  under  inters 
mediate  employment  levels  during  the  period  1955  to  1965*  the  ratio 
of  the  average  annual  benefit  to  the  average  annual  cost  is  lo8? 
to  10 

The  recommended  measures  will  be  installed  and  maintained 
under  cooperative  arrangements  with  state  and  local  governments^ 
soil  conservation  districts*  or  other  agencies  acceptable  to  the 
Secretary  of  Agriculture© 

The  program  herein  recommended  includes  the  intensification* 
acceleration*  and  adaptation  of  certain  activities  under  current 
programs  of  the  Department  of  Agriculture*  and  additional  measures 
not  now  regularly  carried  out  in  such  programs*  all  of  which  are 
necessary  to  couple te  a balanced  runoff  and  waterflow  retardation 
and  erosion  control  program  for  the  watershed©  It  is  recommended 
that  the  Secretary  of  Agriculture  be  authorized  to  carry  out  this 
programo  The  extent  to  which  the  work  recommended  in  this  program 
is  to  be  carried  out  under  authority  of  the  Flood  Control  Act  as 
requested  herein  or  under  other  authorities  will  be  considered  by 
the  Secretary  in  requesting  appropriations  for  the  conduct  of  the 
recommended  program©  Although  the  current  activities  of  the  De-*> 
partment  primarily  related  to  the  Flood  Control  Act  are  not  included 
in  the  program  herein  specifically  recommended*  this  program  is  based 


\ 
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on  the  continuation  of  such  current  activities  at  least  at  their 
present  level.  The  extent  to  which  the  measures  in  the  recommended 
program  may  be  carried  out  by  an  increase  in  the  current  programs  of 
the  Department  will  be  taken  into  account  in  requests  for  the  appro- 
priation of  funds  to  carry  cut  the  recommended  programs 

The  Secretary  of  Agrictilture  may  construct  such  buildings 
and  other  improvements  as  are  needed  to  carry  out  the  measures  in- 
cluded in  the  recommended  program. 

The  authority  of  the  Secretary  of  Agriculture  to  prosecute 
the  recommended  program  shall  be  supplemental  to  all  ether  authority 
vested  in  him,  and  nothing  in  this  report  shall  be  construed  to  limit 
the  exercise  of  powers  heretofore  or  hereafter  conferred  on  him  by 
law  to  carry  out  any  of  the  measures  described  herein  or  any  other 
measures  that  are  similar  or  related  to  the  measures  described  herein* 

DESCRIPTION  OF  THE  WATERSHED 

The  Youghiogheny  River,  a tributary  of  the  Monongahela  River, 
flows  in  a general  northwesterly  direction  and  joins  that  River  at 
McKeesport,  Pennsylvania,  about  fifteen  miles  upstream  from  Pitts- 
burgh, Pennsylvania,  Its  watershed  lies  within  the  Allegheny  Moun- 
tains and  Plateau  Sections  of  the  Appalachian  Mountain  System  in 
southwestern  Pennsylvania,  western  Maryland,  and  northern  West 
Virginia,  The  mountain  section,  comprising  approximately  75  percent 
of  the  watershed,  is  characterized  by  parallel,  high  mountain  ridges 
running  in  a northeast-southwest  direction.  The  plateau  section  is 
a dissected  area  characterized  by  rounded  hills  and  steep-sided 
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stream  valleys.  The  inter-mountain  valleys  are  deeply  dissected, 
with  topography  varying  from  rolling  to  hilly* 

The  average  annual  precipitation,  based  on  U,  S*  Weather 
Bureau  records  of  40  to  75  years f duration,  ranges  from  36  inches 
at  the  mouth  of  the  river  to  53  inches  in  the  headwaters  area  in 
Maryland  and  West  Virginia. 

Approximately  588,700  acres  or  52  percent  of  the  watershed 
is  in  forest.,  280,300  acres  or  25  percent  in  hay  and  pasture,  139,400 
acres  or  12  percent  in  row  and  grain  crops,  and  119,300  acres  or  11 
percent  in  urban,  roads,  water  and  miscellaneous  uses. 

Forest  lands  are  in  poor  condition  as  a result  of  past  treat- 
ment. Clear  cutting,  livestock  grazing,  and  forest  fires  have  af- 
fected large  areas.  These  areas  are  understocked  with  immature 
stands  containing  many  undesirable  species. 

Improper  management  of  a large  percentage  of  the  farm  open- 
land  area  has  resulted  in  excessive  erosion.  Tillage  practices  in 
current  use  on  most  of  the  cropland  permit  rapid  runoff  and  soil 
loss. 

Coal  mining  and  related  activities  are  important  enterprises 
in  the  watershed.  Injuries  to  the  land  throughout  the  mining  section 
are  noticeable  as  large  areas  of  waste  over-burden  from  strip  mining, 
fields  pock-marked  by  mine  cave-ins,  streams  discolored  and  polluted 
by  mine  seepage,  and  culm  dumps  encroaching  on  streams  and  villages. 

The  population  of  the  watershed  in  1940  was  approximately 
291,000  of  which  about  14  percent  was  rural-farm.  McKeesport,  lo- 
cated at  the  mouth  of  the  river,  is  the  largest  city.  Most  of  the 
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"boroughs  and  cities  are  located  in  the  plateau  section  of  the  lower 
part  of  the  watershed. 

There  are  approximately  7,400  farms  in  the  watershed,  which 
include  about  655,000  acres,  or  58  percent  of  the  watershed*  The 
major  farm  products  are  livestock,  hay,  grain,  potatoes,  canning 
peas,  maple  syrup,  and  miscellaneous  forest  products*  Most  of  the 
non- farm  land  is  wooded  and  located  in  the  mountainous  areas# 

FLOOD  PROBLEMS 

Moderate  to  heavy  rains  of  several  days*  duration  covering 
large  areas  and  occurring  in  the  winter  or  early  spring,  sometimes 
associated  with  melting  snow,  produce  the  most  severe  floods.  Among 
the  recorded  floods  of  this  type  were  those  of  March  1936,  March 
1924,  March  1912,  March  1907,  and  February  1897*  Of  49  recorded 
floods  at  McKeesport,  Pennsylvania,  from  1858  to  1945  inclusive, 

80  percent  occurred  during  the  months  of  December,  January,  February, 
and  March* 

The  March  1936  flood,  the  largest  recorded,  caused  damages 
within  the  watershed  equivalent  to  approximately  $2,754,000  based 
on  1949  prices*  Discharge  from  the  Youghiogheny  River  also  contrib- 
uted to  the  damage  at  points  below  its  confluence  with  the  Monongahela 
River a 

Total  damage  in  terms  of  1949  prices,  caused  by  the  1936  flood 
at  downstream  points,  would  be  £11,577,000  at  McKee sport,  $219,394,000 
at  Pittsburgh,  Pennsylvania,  and  $57,887,000  at  T.rheeling,r.rest  Virginia. 
The  major  damages  were  industrial,  commercial  and  residential. 
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Severe  localized  floods  occur  frequently  throughout  the  water- 
shed, but  they  are  of  relatively  infrequent  occurrence  in  any  one 
small  drainage  area*  These  floods  are  usually  caused  by  intense 
local  summer  storms,  and  do  not  necessarily  create  flood  flows  on 
the  main  streams • Two  floods  illustrative  of  this  type  caused  dam- 
ages of  approximately  $167^000  in  a 21  square  mile  drainage  basin, 
and  $15,000  in  a 17  square  mile  drainage  basin* 

On  some  of  the  small  tributaries,  losses  are  an  annual  occur- 
rence, These  floods  most  commonly  occur  in  the  spring  and  early 
summer,  and  the  losses  sustained  are  mainly  to.  highways,  and  growing 
crops  and  pasture. 

Serious  flood  problems  exist  at  several  upstream  urban  com- 
munities. An  example  is  the  flood  problem  at  Oakland,  Maryland,  where 
the  average  annual  damage  amounts  to  several  thousands  of  dollars. 

Damages  caused  by  sedimentation  occur  mainly  as  increased  cost 
of  maintenance  on  highways,  navigable  channels  and  decreased  agricul- 
tural production  in  the  bottomland  of  some  of  the  small  tributaries# 
Highway  damages  are  most  frequently  the  result  of  deposition  in  road 
culverts  and  on  the  road  surface.  Cultivated  farm  land  is  the  major 
source  of  sediment,  and  the  greatest  damage  is  inflicted  when  storms 
occur  during  the  early  growing  season  when  the  fields  do  not  have 
sufficient  protective  vegetative  cover*  Deposition  of  sediment  in 
low  gradient  stream  channels  and  on  adjacent  bottomland  is  one  of 
the  factors  contributing  to  increased  frequency  of  flooding,  and 
intensification  of  land  drainage  problems.  This  condition  has 
decreased  orcp  production  in  seme  of  the  small  drainage  basins. 
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Other  damages  caused  by  floods,  while  not  evaluated  in  mone- 
tary terms  in  this  report,  include  loss  of  life,  illness,  insecurity 
of  property  and  income,  disruption  of  public  services,  disturbance 
of  the  general  economic  and  social  activity  of  the  area,  and  de- 
struction of  fish  and  game. 

Average  annual  damages  within  the  watershed  and  at  points 
affected  by  the  discharge  of  the  Youghiogheny  River  are  shown  in 
table  lo  These  damages  do  not  include  those  which  will  be  prevented 
by  current  flood  control  projects  of  the  Department  of  the  Army, 
Corps  of  Engineers « 


Table  1#  Estimated  Average  Annual  Recurrent  Monetary  Damage 
Youghiogheny  River  Watershed 
(1949  Prices) 


Type  of  Damage 

Average  Annual  Damage 

(dollars ) 

Damage  Due  to  Inundation 

Within  Watershed 

140,600 

Below  Watershed 

1,678,000 

Subtotal 

1,818,600 

Damage  Due  to  Sediment 

54,050 

Damage  Due  to  Erosion 

607,900 

TOTAL  AVERAGE  ANNUAL  DAMAGE 

2,480,550 

i 
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ACTIVITIES  RELATED  TO  FLOOD  CONTROL 
The  Department  of  Agriculture  is  actively  cooperating  with 
state  and  local  agencies  in  carrying  out  programs  for  the  conser- 
vation of  soils  water5  an^  timber  resources  in  the  watershed® 

The  Forest  Service  cooperates  with  state  forestry  agencies 
in  providing  protection  from  forest  fire*  in  making  tree  seedlings 
available  for  reforestation,  and  in  providing  limited  technical 
services  to  assist  owners  in  proper  management  of  forest  lands 0 
In  recent  years  the  state  fire  protection  organizations  have  pro- 
vided protection  that  is  considered  adequate  for  flood  control 
purposes  * 

The  Pi’oduction  and  Marketing  Administration,  with  its  Agri- 
cultural Conservation  Program  of  direct  aidsc  offers  financial 
assistance  to  farmers  for  carrying  out  soil  and  water  conservation 
practices*, 

The  Department  also  cooperates  with  State  Extension  Services 
and  Experiment  Stations  in  educational  and  research  work  in  the 
conservation  of  soil  and  water  resources* 

The  Soil  Conservat ion  Service  is  currently  assisting  soil 
conservation  districts  in  the  application  of  soil  and  water  con- 
servation practices  and  measures  on  farm  lands* 

Although  the  primary  purpose  of  these  conservation  programs 
in  this  watershed  has  been  the  maintenance  of  soil  resources  and 
improvement  of  crop  and  timber  yields,  they  have  produced  some 
flood  control  benefits® 

The  present  annual  Federal  cost  of  those  portions  of  the 


. 


« 


, ■ 0 f’-  rj  oaf  a.  Mi 


: : ’7 

* 


' 


- 10 


Department’s  "going"  programs  which  produce  flood  control  and  asso- 
ciated benefits  is  approximately  £86,000. 

Seventeen  flood  control  reservoirs  proposed  by  the  Department 
of  the  Army,  Corps  of  Engineers,  for  construction  in  the  Upper  Ohio  - 
Beaver  Drainage  Basin  have  been  authorized  in  the  Flood  Control  Acts 
of  1936,  1938,  1941,  and  1944.  The  Tygart  River  Reservoir  was  auth- 
orized by  the  Public  '"orks  Administration  in  1934  and  adopted  by  the 
Rivers  and  Harbors  Act  Approved  August  30,  1935.  Of  the  eight  reser- 
voirs ?;hich  have  been  constructed  and  the  two  under  construction  one 
is  located  in  the  Youghiogheny  T/atershedo  The  Youghiogheny  River 
Reservoir,  now  in  operation,  was  constructed  under  the  general  auth- 
orization for  the  Ohio  River  Basin  contained  in  the  Flood  Control 
Act  Approved  June  28,  1938  (52  Stat.  1215)-  The  program  herein  recom- 
mended will  supplement  that  of  the  Department  of  the  Army,  Corps  of 
Engineers,  in  alleviating  the  flood  situation  on  the  Youghiogheny 
River  and  in  downstream  damage  districts  such  as  McKeesport  and 
Pittsburgh,  Pennsylvania,  and  Wheeling,  West  Virginia,  The  benefits 
of  the  program  herein  recommended  do  not  include  the  benefits  to  be 
provided  by  the  eight  reservoirs  constructed  and  the  two  reservoirs 
in  the  process  of  construction. 


elude  that  portion  of  the  7/atershed  in  Preston  County,  r ~est  Virginia, 
Garrett  County,  Maryland,  and  Allegheny  and  Westmoreland  Counties  in 
Pennsylvania,  or  approximately  48  percent  of  the  watershed,  A pro- 
gram of  soil  and  water  conservation  and  land  management  on  farm  lands 


Soil  conservation  districts,  organized  under  state  laws,  in- 


is being  developed  by  these  districts. 

About  11  percent  of  the  forest  land  in  the  form  of  public 
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forests*  paries,  and  game  lands  is  administered  by  state  or  other 
public  agencies  a In  general  present  management  is  satisfactory 
for  flood  control  purposes  and  these  areas  are  protected  from  fire 
and  grazing. 

R3C0MME1TDED  PBOGBAM 

The  recommended  program  of  runoff  and  water flow  retardation 
and  soil-erosion  prevention  includes  certain  land  use  adjustments 
in  accordance  with  the  needs  and  capabilities  of  the  land  and  the 
following  practices  and  measures* 

Contour  Strip  Cropping 

The  practice  of  growing  hay  or  other  close  growing  and  soil 
conserving  crops  in  contour  strips,  alternating  with  clean  tilled 
or  soil  depleting  crops,  will  be  applied  on  approximately  129,000 
acres  of  cropland.  Contour  tillage  operations  in  conjunction  with 
contour  strip  cropping  will  provide  appreciable  surface  detention 
storage  for  runoff  * Such  a system  mil-  in  addition,  keep  at 
least  half  the  sloping  cropland  in  erosion  resisting  crops  at  all 
times,  lessen  the  amount  and  velocity  of  runoff  and  the  concen- 
tration of  water  in  gullies  or  channels,  thereby  reducing  the 
losses  of  soil  by  erosion. 

Cover  Cropping 

The  practice  of  growing  temporary  crops  to  provide  vegeta- 
tive cover  on  land  following  the  harvesting  of  clean  tilled  crops 
until  the  next  regular  crop  is  planted  will  be  applied  on  approx- 
imately 19,100  acres  of  cropland©  satisfactory  vegetative  cover 
will  lessen  the  impact  of  rain  drops  on  the  soil,  thus  reducing 
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erosion  and  maintaining  the  soil  in  condition  to  readily  absorb 
water.  The  organic  matter  added  to  the  soil  by  cover  cropping 
will  increase  its  water  holding  capacity. 

Diversions  and  Terraces 

Approximately  960  miles  of  diversions  and  terraces  will  be 
installed  to  provide  for  intercepting  surface  runoff  from  sloping 
land  and  carry  it  in  properly  designed  and  constructed  channels 
across  the  slopes  to  an  outlet  or  waterway.  Terraces  will  be  in- 
stalled on  the  more  moderately  sloping  land  with  short  rotations. 
Diversions  will  be  installed  on  the  steeper  slopes  and  in  conjunc- 
tion with  less  intensive  rotations.  The  installation  of  these  mea- 
sures will  furnish  protection  from  damaging  runoff  to  the  lands 
lying  immediately  below  and  will  significantly  reduce  erosion  and 
sediment  production  . 

Outlets  and  Wat  e mays 

Adequate  systems  for  the  disposal  of  runoff  water  are  a 
necessary  part  of  the  program  to  reduce  floodwater  and  sediment 
damage.  Approximately  190  acres  of  outlets  and  waterways  will  be 
established  to  provide  for  the  safe  disposal  of  runoff  from  terrace 
and  diversion  systems.  This  will  result  in  reduced  gully  erosion 
and  sediment  production.  The  outlets  and  waterways  will  be  vege- 
tated and  will  include  broad  meadow  strips  and  constructed  channels. 
Supporting  structures,  required  as  a part  of  the  disposal  system, 
are  included  with  the  recommended  erosion  control  structures. 
Establishing  Perennial  Hay 

Approximately  28,900  acres  of  perennial  grasses  and  legumes 
will  be  established  to  protect  land  not  suitable  for  row  crops  and 
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to  protect  such  measures  as  diversions,  and  outlets  and  waterways . 
This  measure  through  increasing  the  infiltration  rate,  will  reduce 
runoff  and  flood  damage  and,  by  protecting  other  measures,  will 
reduce  gully  erosion  and  the  resulting  sedimentation* 
pasture  Management 

Pasture  management  consisting  of  mowing  to  remove  weeds  and 
mature  grasses,  the  scattering  of  droppings,  and  the  control  of 
grazing  intensity  will  be  applied  on  approximately  96,500  acres 
of  pasture  so  that  the  improved  vegetative  cover  will  prevent 
erosion  and  increase  infiltration.  Fences  will  be  used  to  fac- 
ilitate the  control  of  grazing  intensity.  Brush  or  other  obstruc- 
tions to  mowing  will  be  removed  where  feasible. 

Contour  Furrows 

Level  furrows  or  small  level  terraces  will  be  installed  on 
approximately  48,700  acres  of  pasture  land.  The  furrows  will  be 
spaced  and  constructed  so  that  approximately  one-half  inch  of  run- 
off will  be  held  in  detention  storage.  In  addition  to  reducing 
runoff,  the  installation  of  this  measure  will  control  erosion  on 
sediment  source  areas. 

Stroambank  Erosion  Control 

Approximately  4«0  miles  of  eroding  streambanks  along  minor 
tributaries  will  be  controlled  by  the  use  of  riprap  and  shrub 

f f 

plantings.  Livestock  will  be  excluded  by  either  wire  or  multiflora 

i 

rose  fence.  The  establishment  of  this  measure  will  reduce  the  loss 
of  fertile  bottomlands  and  the  quantity  of  sediment  getting  into 


the  streams 
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Erosion:  Control  Structures 

Approximately  970  erosion  control  structures  including  small 
chock  darns  , gully  structures  , and  culverts  will  be  installed  as 
part  of  the  water  disposal  system  or  for  gully  stabilization*  Con- 
centration of  runoff  requires  special  erosion  control  structures 
to  protect  channels  or  natural  drainageways  from  gullying  and  to 
furnish  protection  to  railroad  and  highway  ditches.  New  and  larger 
culverts  will  be  necessary  to  discharge  runoff  safely  under  rail- 
road and  highway  fills©  The  establishment  of  this  measure  will 
reduce  the-  rate  of  gully  erosion  in  existing  drainageways  and  per- 
mit the  installation  of  adequate  water  disposal  systems  which  will 
n&terially  reduce  sheet  and  gully  erosion  on  the  fields  protected* 
Improved  Forest  Management 

This  measure  provides  for  the  intensification  of  management 
on  all  forest  lands  for  the  purpose  of  improving  their  hydrologic 
conditions*  In  the  main-  this  improvement  will  consist  of  the 
development  of  a better  forest  floor*  Under  such  conditions,  in- 
filtration rates  will  be  greater,  detention  storage  capacity  will 
be  increased,  and  the  area  of  impermeably  frozen  soil  will  be  re- 
duced during  the  winter  and  spring©  This  will  result  in  reducing 
the  surface  runoff  and  erosion  from  forested  areas© 

Coincidental  with  hydrologic  improvement,  increased  growth 
and  stocking  of  forest  land  will  ultimately  provide  higher  and 
more  sustained  income  from  these  lands.  Such  returns  will  make 
it  profitable  for  owners  to  participate  in  the  program  and  more 
than  justify  the  costs  involved. 
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Improved  forest  management  will  be  accomplished  through  an 
expanded  program  of  technical  services*  These  services  will  afford 
help  in  planning  and  applying  forest  land  measures » including  the 
preparation  of  management  plans  for  212*800  acres  in  private  hold-- 
ings  and  71*300  acres  to  be  acquired  in  public  ownership*?  The 
plans  will  outline  the  steps  necessary  to  operate  forest  land  effi- 
ciently and  economically  while  integrating  watershed  protection 
and  timber  production  objectives®  Technical  service  and  advice 
on  timber  marking  will  be  provided  to  minimize  clear  cutting  and 
destructive  logging  practices  in  harvest  cuttings  and  to  improve 
timber  stands c These  steps  are  necessary  to  develop  and  maintain 
the  healthy  soil  conditions  and  vigorous  growth  needed  to  realize 
the  objectives  of  the  program®  Additional  technical  service  will 
be  required  on  63*100  acres  of  forest  land  on  shallow  soil  areas 
where  cultural  operations  are  needed  to  improve  stand  composition. 
Here  the  aim  will  be  the  development  of  thrifty*  mixed  stands  of 
species  whose  litter  is  highly  favorable  for  humus  production, 
thereby  contributing  maximum  quantities  of  organic  matter  to  the 
soil  as  a means  of  increasing  its  moisture  storage  capacity. 

Technical  advice  will  be  furnished  the  owners  of  337*300 
acres  of  forest  on  legging  methods  which  cause  the  least  distur- 
bance to  forest  soil  and  cover*  including  the  proper  installation 
and  location  of  logging  roads  and  skid  trails 0 Existing  roads  and 
trails  are  sources  of  aggravated  runoff  and  sedimentation  as  a re- 
sult of  poor  location  and  inadequate  drainage  facilities » Correc- 
tion of  the  unsatisfactory  conditions  resulting  from  past  operations 
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and  the  prevention  of  their  recurrence  in  future  operations  is  neoes- 
sary  if  ether  forest  management  practices  are  to  be  fully  effective* 
This  will  be  accomplished  by  the  installation  of  water  spreading  de- 
vices, small  check  dams,  gully  structures  and  culverts0 

Livestock  will  be  excluded  from  56*800  acres  of  present  farm 
forest  land  and  from  14,000  acres  of  land  to  be  converted  from  open- 
land  to  forest  as  a part  of  forest  land  management*  Grazing  reduces 
the  organic  matter  and  compacts  forest  soils,  thereby  reducing  seri- 
ously their  infiltration  and  water  holding  oapacity0  Grazing  control 
must  be  instituted  as  an  essential  part  of  proper  forest  management, 
if  the  previously  mentioned  installations  and  practices  are  to  be 
effective o 

To  assure  the  cooperation  of  local  owners  in  the  installation 
and  maintenance  of  good  forest  management  practices,  advice  and  as- 
sistance will  be  given  on  the  utilization  and  marketing  of  forest 
products? 

Tree  and  Shrub  Planting 

The  total  forest  area  will  increase  from  593,000  acres  to 
602,500  acres  by  the  conversion  of  15,600  acres  of  cpenland  to  forest 
by  planting  and  the  clearing  of  6,100  acres  of  present  forest  land 
for  pasture*  Trees  will  be  planted  to  establish  a soil  improvement 
and  watershed  protective  cover  on  approximately  15,600  acres  of  open- 
land  which  will  not  restock  naturally  within  a reasonable  length  of 
time*  Early  establishment  of  a forest  cover  on  these  lands  will  re- 
duce soil  movements  increase  infiltration  rates 5 and  enlarge  soil 
moisture  storage  capacity*  These  trees  will  be  planted  on  approxi- 
mately 14,000  acres  of  private  land  and  on  about  1,600  acres  of 
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land  to  be  acquired  by  public  agencies# 

Shrubs  “will  be  planted  on  about  5,800  acres  of  field  borders* 
Installation  of  this  practice  will  provide  good  land  cover  in  the 
partially  shaded  areas  adjacent  to  forests  and  improve  infiltration 
and  soil  moisture  storage  capacity,  thereby  reducing  runoff  and 
erosion* 

Public  Land  Acquisition 

Public  acquisition  is  recommended  for  approximately  83,000 
acres  of  damaged  headwaters  land#  These  areas,  normally  well  for- 
ested, have  so  been  abused  that  they  constitute  critical  flood- 
water  sources  and  need  major  rehabilitation  to  restore  the  water- 
shed cover  for  effective  runoff  and  sediment  control.  Because  of 
lew  productivity  and  the  low  returns  to  be  derived  from  this  land 
for  many  years,  many  landowners  are  not  able  to  manage  their  land 
for  either  watershed  protection  or  timber  production.  Public  ac- 
quisition is  an  essential  first  step  in  insuring  the  establishment 
of  necessary  rehabilitational  measures  and  providing  continuity 
of  management. 

The  objectives  of  the  program  can  be  met  by  acquisition  by 
state  or  local  governments.  The  land  will  be  acquired  through 
voluntary  sales  by  owners  in  accordance  with  existing  state  policy. 
Stream  Channel  Improvement 

Approximately  32  miles  of  tributary  stream  channels  will 
be  improved  to  reduce  the  damages  resulting  from  inundation  of 
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valuable  bottomland , provide  outlets  for  drainage  works  and  fur- 
nish flood  protection  for  high-value  improvements,  such  as  high- 
ways, railroads,  bridges,  and  farm  buildings*  The  capacity  of 
stream  channels  will  be  increased  by  the  removal  of  debris  and 
sediment  deposits,  realignment , and  bank  sloping* 

Water  Retarding  Structures 

Seven  upstream  floodwater  retarding  structures  with  provi- 
sions for  the  temporary  storage  of  runoff  will  be  constructed  to 
reduce  inundation  damage.  Drainage  areas  above  the  structures 
will  average  less  than  1 square  mile*  These  structures  will  be 
earth  fill  dams  through  which  a small,  low  elevation  outlet  con- 
duit uncontrolled  by  gates  or  valves  will  be  constructed  to  draw 
down  the  temporary  storage.  A spillway  adapted  to  site  conditions 
and  meeting  required  design  criteria  will  be  used  to  provide  an 
outlet  for  flood  flow  in  excess  of  the  storage  capacity  provided 
by  the  structure*. 

The  quantities  of  measures  included  in  the  recommended  pro- 
gram are  based  on  total  watershed  needs  less  the  estimated  accom- 
plishments under  M going”  programs  over  a 20-ycar  period*  Minor 
reductions  in  the  acreages  of  clean  tilled  and  small  grain  crops 
and  large  increases  in  the  acreage  of  managed  pasture,  perennial 
hay,,  and  forest  land  will  result  from  the  installation  of  recom- 
mended program* 

Educational  Assistance 

Landowners  and  operators  and  others  in  the  wa ter shed  will 


be  furnished  educational  assistance  relative  to  the  need  for  the 
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recommended  program  and  its  purposes  and  objectives • Information 
will  be  supplied  as  to  the  manner  in  which  landowners  and  operators 
now  obtain  services  and  assistance  that  are  available  through  the 
various  governmental  agencies,  and  how  they  can  and  should,  by 
their  own  efforts,  contribute  successfully  and  most  economically 
to  the  accomplishment  of  the  overall  objectives c Intensified  edu- 
cational efforts  will  be  directed  to  familiarizing  farmers  with 
the  specific  practices  and  measures  essential  to  runoff  and  water- 
flow  retardation  and  soilierosion  prevention,  how  to  install  those 
measures  not  requiring  the  detailed  assistance  of  a specialized 
technician,  how  to  maintain  them,  and  how  to  integrate  them  into 
the  soundest  farming  system  to  produce  the  greatest  benefit  over 
a long  period  of  time* 

The  Department  is  committed  to  a watershed  and  subwatershed 
approach  in  carrying  out  the  recommended  program*  It  is  essential 
that  educational  assistance  provided  under  this  program  be  direc- 
ted toward  furthering  the  specific  objectives  of  floodwater  and 
sediment  damage  reduction  and  that  it  be  fitted  as  to  method  and 
synchronization  into  subwatershed  operations  activities 0 
Technical  Services 

Technical  services  will  be  provided  for  a)  planning  and 
applying  improved  forest  management  practices  for  watershed  pro- 
tection, (2)  planning  and  applying  land  use  adjustments,  (3)  plan- 
ning and  applying  conservation  measures  on  the  farm,  and  (4)  inte- 
grating the  installation  of  individual  measures  into  a proper 
combination  to  achieve  the  most  effective  program  of  runoff  and 
waterflow  retardation  and  soil  erosion  prevention*  These  services 
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are  required  to  assist  the  people  in  the  watershed  in  installing  the 
recommended  measures  on  their  land  and  in  adopting  the  recommended 
practices  for  their  farm  and  woodland  operations© 

f?  7 nr 
M • 

COST  OF  RECOMMENDED  PROGRAM 

The  estimated  cost  of  installing  the  recommended  program  in 
the  Youghiogheny  River  Watershed  is  shown  in  table  20 

The  Federal  Government  will  bear  approximately  I4806  percent 
of  the  total  installation  cost5  state  and  local  governments  approxi- 
mately l?c6  percent ^ and  private  interests  approximately  33c8  per* 
cent© 


\ 


21 


Table  2*  Estimated  Cost  of  Installing  the  Recommended  Program 

Youghiogheny  River  Watershed 
(19U9  Prices) 


Measure 

Unit  s Quantity  * 

f . . 1 

Total  Cost 

; j 

! 

(dollars) 

lo 

Contour  Strip  Cropping 

Acres 

; 

129,000 

ti20,000 

2o 

Cover  Cropping 

.. 

1 

19,100 

9 1 

92*000 

3o 

Diversions  and  Terraces 

Miles 

960 

! 

395,000 

It. 

Outlets  and  Waterways 

Acres 

190 

81,000 

$ o 

Establishing  Perennial  Hay 

28; 900 

i,35osooo 

6C 

Pasture  Management 

96,500 

789,000 

7* 

Contour  Furrows 

" 

it8„?00 

731,000 

8, 

Streambank  Erosion  Control 

Miles 

k 

! 

55,000 

9. 

Erosion  Control  Structures 

Ko0 

970 

; jj  : | 

593,000 

10® 

Improved  Forest  Management 

Acres 

337s 300 

! 

2,lii2,000  y 

11® 

Tree  and  Shrub  Planting 

t? 

21,li00 

509,000 

o 

CM 

rH 

Land  Acquisition 

« 

83,000 

813,000 

13  o 

Stream  Channel  Improvement 

Miles 

30 

812,000 

Ilia 

Water  Retarding  Structures 

Nos 

7 

170*000 

TOTAL 

8,952,000 

1/  Includes  necessary  maintenance  during  installation  periods 


The  costs  of  administration  of  direct  aids*  technical  servi- 
ces* and  educational  assistance  are  included  in  the  above  costs® 

The  estimated  costs  for  technical  services  and  educational  assist 
tance  amount  to  approximately  1805  percent  and  2®0  percent  respec- 
tively of  the  installation  cost  of  the  recommended  program® 
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Of  these  amounts,  non-federal  public  agencies  "will  bear  one«*half 
the  cost  of  technical  services  on  privately  owned  forest  land  and 
one-half  the  cost  of  educational  assistance.  The  estimate  includes 
about  2,6  percent  of  the  total  cost  for  the  administration  of 
direct  aids. 

The  estimated  average  annual  cost  of  operating  and  maintain- 
ing the  recommended  program  is  The  Federal  Government 

will  bear  approximately  5.8  percent  of  this  annual  maintenance  cost 
to  provide  technical  services  necessary  to  assure  proper  use  and 
conservation  and  management  of  lands*  State  and  local  governments 
will  bear  approximately  8.4  percent  of  this  cost,  and  private  in- 
terests will  bear  the  remaining  85,3  percent, 

BENEFIT  FROM  COMMENDED  PROGRAM 

The  estimated  average  annual  monetary  benefit  resulting  from 
the  recommended  program  when  it  attains  maximum  effectiveness  is 
shown  in  table  3. 

In  addition  to  the  benefits  listed  in  table  3,  there  are 
many  unevaluated  benefits,  such  as  saving  of  life  and  alleviating 
mental  distress,  improving  community  organizations  and  facilities, 
maintaining  and  increasing  the  tax  base,  improving  recreational 
opportunities,  and  increasing  fish  and  game  production. 
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Table  3o  Estimated  Average  Annual  Monetary  Benefit 
from  the  Recommended  Program 
Youghiogheny  River  Watershed 
(19U9  Prices) 


Type  of  Benefit 

Average  Annual  Benefit 

(dollars) 

Reduction  in  Damage  Due  to  Inundation: 

Within  Watershed 

28sioo 

Below  Watershed 

$93800 

Subtotal 

87,900 

Reduction  in  Damage  Due  to  Sediment 

29,800 

Reduction  in  Damage  Due  to  Erosion 

361*,  700 

Land  Enhancement 

6b f 200 

Other  Benefits:  1/ 

Increased  Crop  Production 

622,700 

Increased  Pasture  Production 

311,700 

Increased  Forest  Land  Production 

57858OO 

Saving  in  Crop  Production  Costs 

1*56,100 

Subtotal 

1,9695300 

TOTAL 

2,515,900 

l/  Benefits  which  accrue  to  the  owners  and  operators  of  the  land 
on  which  the  recommended  program  is  installed* 

CMgmg iQN  OF  BEI^FIT_AND_COST 

Based  on  prices  and  costs  expected  to  prevail  under  inter- 
mediate employment  levels  during  the  period  1 935  to  1965 * the  ratio 
of  the  average  annual  benefit  to  the  average  annual  cost  of  the 
recommended  pro  grain  is  1©87  to  10 
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Certain  discrepancies  exist  between  the  report  and  these  appendixes 
in  connection  with  the  acreage  to  be  treated  by  woodland  measure s* 
the  cost  of  such  measures*  the  benefits  to  be  derived  from  them* 
and  the  benefii>cost  ratio  of  the  recommended  program®  Details 
concerning  these  discrepancies  are  shown  on  pages  Oil  and  G~12c 
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APPENDIX  A.  DESCRIPTION  OF  THE  WATERSHED 
Location  and  Size 

The  Youghiogheny  River,  a part  of  the  Upper  Ohio  River 
system,  rises  in  western  Maryland  and  northern  West  Virginia  and 
flows  in  a north-westerly  direction  through  southwestern  Pennsyl- 
vania to  its  junction  with  the  Monongahela  River  at  McKeesport, 
Pennsylvania.  McKeesport  is  located  15  miles  above  Pittsburgh, 
Penn syl vania,  where  the  Ohio  River  is  formed  by  union  of  the 
Monongahela  and  Allegheny  Rivers.  Some  24  percent  of  the  Youghio- 
gheny  River  Watershed  is  in  Maryland,  72  percent  in  Pennsylvania, 
and  4 percent  is  in  West  Virginia*  The  drainage  pattern  with  the 
larger  tributaries  is  shown  in  Figure  A-l*  The  entire  watershed 
is  in  the  Appalachian  Plateau  Physiographic  Provinceo 

An  area  of  1,762  square  miles  is  drained  by  the  Youghio- 
gheny  River 0 This  represents  S percent  of  the  total  drainage 
area  of  the  Ohio  River  at  Pittsburgh*  The  main  stream  is  150 
miles  long©  Principal  tributaries  of  the  Youghiogheny  River  are 
Casselman  River  with  a drainage  area  of  576  square  miles  which 
includes  the  126  square  mile  drainage  area  of  Laurel  Hill  Creek, 
and  Indian,  Jacobs  an^  Sewickley  Creeks  with  drainage  areas,  re- 
spectively, of  126,  S5,  and  165  square  miles* 

Topography,  Geology  and  Soils 

The  upper  75  percent  of  the  watershed  is  in  the  Allegheny 
Mountain  section  of  the  plateauo  Several  roughly  parallel  moun- 
tain ridges  cross  the  upper  watershed  in  a northeast-southwest 
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direction#  The  valleys  between  the  mountain  ridges  exhibit  rolling 
to  hilly  topography.  The  lower  25  percent  of  the  watershed  is  a 
rather  deeply  dissected  plateau  with  rolling  to  hilly  topography, 
and  with  steep  slopes  adjacent  to  the  streams# 

The  Youghiogheny  River  and  its  larger  tributaries  are  deeply 
entrenched  in  steep  sided  meandering  channels#  Stream  gradients 
are  generally  steep;  the  main  river  falls  from  an  elevation  slight- 
ly over  2,500  feet  in  the  headwaters  to  about  750  feet  where  it 
joins  the  jiSonongahela  River# 

Bedrock  geology  shows  a typical  interbedding  of  shales, 
sandstones  and  limestones  in  the  lower  25  percent  of  the  watershed. 
Elsewhere,  shales  and  sandstones  are  interbedded, with  considerable 
distortion  due  to  uplifting  and  folding  when  the  mountains  were 
formed#  Bituminous  coal  veins  of  varying  thickness  underlie  prac- 
tically all  of  the  watershed# 

The  interbedding  of  shales  and  sandstones  with  limestone 
at  varying  depths  has  resulted  in  soils  of  medium  texture  which 
are  best  described  as  silt  loams.  Limited  areas  of  sandy  loam 
soils  occur  on  the  ridge  tops,  and  at  a few  locations  clay  loam 
soils  of  limestone  origin  are  found.  The  areas  of  clay  loam  and 
sandy  loam  soils  are  small  and  more  or  less  isolated.  The  subsoil 
layers  of  practically  all  soils  in  the  watershed  are  typical  of 
those  associated  with  silt  loam  surface  soils  of  residual  origin 
and,  for  this  reason,  the  texture  of  all  soils  was  considered  to 


be  silt  loam. 


1 


9 


t 


\ 


A 


- 3 - 

Soils  along  or  near  the  ridge  tops  are  often  shallow  (pro- 
file of  20”  or  less).  Along  the  lower  slopes  and  in  the  valley 
bottoms  the  soil  drainage  is  often  inadequate  although  the  actual 
area  of  poorly  drained  soils  is  small®  For  the  purpose  of  hydro- 
logic  studies  imperfectly  and  poorly  drained  soils  are  grouped 
with  the  shallow  soils® 


Economy 

Mining  of  bituminous  coal  is  one  of  the  chief  industries 
in  the  water  shed®  The  lower  watershed  may  be  considered  a part 
of  the  Pittsburgh  industrial  area.  A small  amount  of  coke  is  pro- 
duced by  the  beehive  oven  method  while  much  larger  quantities  are 
produced  through  by-product  methods  associated  with  the  manufacture 
of  steel?  The  watershed  is  served  by  several  railroads#  both  main 
and  branch  lines*  and  by  a network  of  highways. 

Population  of  the  watershed  is  estimated  at  291*000.  McKees- 
port# Connellsville  and  Greensburg#  all  in  Pennsylvania  are  the 
largest  centers  of  population  and  industry  in  the  watershed# 

Land  Use 

Open  Land 

In  the  vicinity  of  Oakland#  Maryland,  and  in  Somerset  and 
Westmoreland  Counties,  Pennsylvania# there  is  extensive  agricul- 
tural production  centered  around  livestock*  potatoes*  and  other 
field  crops  adapted  to  the  regionc  Some  parts  of  Westmoreland 
County  have  very  good  agricultural  production;  other  parts  are  so 
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influenced  by  coal  mining  that  little  farming  is  attempted*  In 
the  higher  and  more  mountainous  portions  of  the  watershed  many 
areas  show  a subsistence  type  of  agriculture* 

Cropland,  including  hay,  constitutes  22*4  percent  of  the 
watershed  area  and  pasture  land,  14*8  percent*  The  vegetative  cover 
of  much  of  the  pastur eland  is  inadequate  resulting  in  rapid  runoff 
and  erosion.  Crops  are  grown  on  many  steep  slopes  where  sheet  and 
gully  erosion  are  severe^  Present  land  use  and  ownership  are  shown 
in  table  A-l* 

Forest  Land 

Approximately  588,700  acres  or  52  percent  of  the  watershed 
area  are  forested*  Farm  woodiots  account  for  35  percent  and  private 
non-farm  holdings  54  percent  of  the  forest  land  area*  The  remaining 
11  percent  is  in  public  ownership  in  the  form  of  state  forests,  parks 
and  game  lands©  No  Federal  ownership  exists  in  the  watershed© 

The  original  stands  of  coniferous  timber  found  throughout 
the  watershed  were  cut  by  1890*  Logging  of  the  remaining  stands 
of  hardwoods  continued  so  that  by  1926  practically  no  virgin  timber 
remainedc  With  the  disappearance  of  the  mature  timber,  logging  of 
second- growth  stands  became  a common  practice*  In  fact,  many  nf 
the  young  aged  stands  were  repeatedly  clear  cut  to  meet  the  demands 
of  the  mining  industry©  These-  destructive  logging  operations  were 
generally  followed  by  severe  fires© 

In  general  the  forests  are  in  very  poor  condition.  Evidence 
of  the  depleted  condition  of  the  present  forest  land  is  found  in 
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the  fact  that  seedling  and  sapling  stands  cover  approximately  55 
percent  of  the  forest  area,  pole  timber  44  per cent;  and  sawtimber 
only  1 percents  In  addition  to  the  large  distribution  of  young 
age  classes#  the  stands  are  poorly  stocked^  Field  surveys  have 
indicated  that  present  stands  average  only  50  percent  stocked  and 
vary  from  10  to  60  percentc 

Grazing  is  another  factor  contributing  to  the  poor  condition 
of  the  watershed^  forest  land.  At  present  53  percent  of  the  farm 
woo diets-  containing  18  percent  of  the  total  forest  area#  are  being 
grazed©  This  practice  directly  affects  runoff#  destroying  litter 
and  reproduction*,  compacting  the  soil,  and  roducing  the  depth  and 
the  absorptive  qualities  of  the  forest  floor* 

A general  classification  of  present  stands  indicates  that 
oak  types  predominate©  They  represent  61  percent  of  the  forest 
land  areac  Northern  hardwoods  follow  with  38  percent,  and  soft- 
woods, 1 percent o 

The  principal  wood  requirement s of  the  watershed  are  for 
mine  timbers,  pulpwood#  and  lumber©  These  products  account  for 
approximately  93  percent  of  the  annual  drain*  The  remaining  7 
percent  is  used  for  veneer,  posts#  and  other  miscellaneous  products. 
By  far  the  greatest  utilization  of  available  stumpage  is  by  the 
coal  mining  industry*-  Of  particular  importance  is  the  fact  that 
practically  no  markets  exist  for  other  low  quality  material,  such 
as  fuel  or  chemical  wood0  Because  of  this,  and  the  scarcity  of 
high  quality  timber#  returns  to  forest  land  owners  arc  comparatively 
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snail*  Lack  of  available  stumpage  requires  importation,,  particu- 
larly of  high  quality  material,  to  meet  the  continuing  demands  of 
the  basic  steel  and  coal  industries*  However*  under  the  recom- 
mended program  of  good  forest  management.,  the  potential  production 
of  the  watershed  is  probably  sufficient  to  meet  expected  major  lo- 
cal demands  for  wood  products,  and  also  provide  a substantial  vol- 
ume for  export  to  adjacent  areas* 


Table  A-lc  Major  Use  and  Ownership  of  Land 
Youghiogheny  River  Watershed 


Owner shi p and  Land  Use 

Watershed. 

(acres ) 

Public 

State  Owned  Land  „V 

64,777 

Private 

Farm  Land 

Open land 

419,710 

Forest  Land 

203,614 

Other  Land 

31,935 

Total  Farm  Land 

655,259 

Non -Farm 

Forest  Land  . 

320,292 

Other  Lend  £■ 

87,372 

Total  Non -Farm  Land 

407  5 664 

TOTAL  WATERSHED 

1,127,700 

l/  Includes  14,383  acres  non- commercial  forest  land- 
2/  Urban,  watery  r i g ht  s ~o  f -way , etc© 
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C limate 

Temperature 

The  Youghiogheny  Watershed  experiences  the  relatively  large 
fluctuations  of  temperature  associated  with  an  inland  or  continental 
location  such  as  that  of  the  Upper  Ohio  River  area0  Bovh  synoptic 
and  average  temperatures  vary  to  a considerable  degree  with  eleva- 
tion, decreasing  from  the  vicinity  of  McKeesport  and  Pittsburgh* 
Pennsylvania  to  the  higher  elevations  in  West  Virginia  and  Maryland. 
The  average  annual  temperature  at  Pittsburgh,  just  outside  the  water- 
sheds as  determined  from  79  years  of  Weather  Bureau  records  is  52.8°F 
while  that  at  Oakland  is  5*1  degrees  less,  determined  from  a 52-year 
record,,  The  average  monthly  temperatures,  the  extremes  of  recorded 
temperature  and.  the  average  growing  season  for  these  two  represen- 
tative stations  are  shown  by  moans  of  graphs  in  Figure  A~2„ 
Precipitation 

Precipitation,  including  rain  and  melted  snow,  averages  36*17 
inches  for  the  year  at  Pittsburgh  and  46,73  inches  at  Oakland  as  de- 
termined from  the  Weather  Bureau  records  mentioned  above-.  Large 
accumulations  of  snow  on  the  ground  represent  one  of  the  flood  haz- 
ards of  this  watershed.  While  the  rate  of  snow  melt,  even  under 
present  watershed  conditions,  is  rarely  great  enough  of  itself  to 
cause  serious  flooding,  such  melting  may  be  associated  with  heavy 
rainfall.  Where  large  areas  of  the  watershed  are  impermeable  or 
have  low  infiltration  rates  due  to  concrete  type  freezing  or  other 
causes,  such  conditions  are  productive  of  extremely  damaging  floods. 
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This  area  is  one  where  extremely  high  rates  and  amounts  of 
rainfall  may  occasionally  be  expected.  The  IT.  S.  Weather  Bureau, 
after  a cooperative  study  with  the  Corps  of  Engineers,  has  con- 
cluded that  a thousand  square  mile  area  of  the  drainage  above 
Pittsburgh  may  receive  an  average  of  nearly  10  inches  of  precipi- 
tation within  a 12-hour  period.  This  contrasts  markedly  with  the 
normal  monthly  precipitation  shown  by  graph  in  figure  A- 2.  It 
should  be  noted  that  at  neither  of  the  representative  stations 
does  the  normal  amount  of  precipitation  to  be  expected  in  any  cal- 
endar month  of  the  year  even  approach  the  amount  which  may  be  ex- 
pected in  half  a day  under  unusual  conditions.  Figure  A-3  shows 
the  locations  of  precipitation  stations  in  and  near  the  watershed, 
and  the  locations  of  stream  gaging  stations  on  the  Youghiogheny 
and  its  tributaries. 

Flood  Producing  Conditions 

Too  frequent  cutting  of  immature  trees  for  use  as  mine  tim- 
bers and  railroad  ties  has  resulted  in  unsatisfactory  forest  land 
cover  over  much  of  the  area0  Forest  fires  have  occurred  frequently 
in  the  past  and  their  effects  are  still  evident.  The  long  steep 
slopes,  often  covered  with  a shallow  and  imperfectly  drained  soil 
mantle have  an  inadequate  vegetative  cover  and  contribute  maximum 
volumes  of  runoff  to  peak  flows.  In  the  early  days  of  the  coal 
and  coke  industry  the  common  practice  of  converting  coal  to  coke 
in  beehive  ovens  liberated  great  quantities  of  smoke  and  resulted 
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in  the  denuding  of  many  steep  slopes  in  the  watershed©  Acid  from, 
the  smoke  not  only  destroyed  the  vegetation  but  rendered  the  soil 
unfit  for  future  vegetative  growth©  Such  denuded  slopes  have  not 
been  adequately  revegetated  after  at  least  two  decades  of  rela- 
tively low  beehive  coke  production* 

Open  farmland  shows  the  effect  of  serious  erosion«  Many 
steep  slopes  are  gullied,  and  many  areas  in  the  valleys  have  been 
damaged  by  deposition  of  eroded  materialso  Inadequate  vegetative 
cover  on  pastured  slopes  and  on  the  steeper  cropland  promotes  rapid 
runoff  and  serious  erosion© 

Meteorological  conditions  that  will  produce  floods  may  occur 
somewhere  on  the  watershed  during  every  month  of  the  yeare  They 
are,  however,  most  apt  to  produce  floods  on  the  main  stem  and  larger 
tributaries  during  the  winter  and  spring  months©  The  smaller  subwater- 
sheds are  more  likely  to  be  affected  by  flash  flood  producing  thun- 
derstorms during  the  summer  growing  season©  There  is  no  assurance, 
however,  that  this  type  of  storm  will  not  strike  the  watershed  at 
any  time  of  the  year© 
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APPENDIX  B„  FLOOD,  SEDIMENT  AND  EROSION  DAMAGE 
.Flood  Frequency 

The  Youghiogheny  River  has  a long  history  of  floods  which 
have  caused  damages  within  and  below  the  watershed*  At  Connells- 
ville  the  highway  bridge  across  the  river  was  destroyed  by  flood  in 
IGIGa  At  this  point  the  Youghiogheny  has  been  gaged  since  1883a 
Records  of  streamflow  have  also  been  made  at  fifteen  other  points 
in  the  Youghiogheny  River  system?  The  more  important  of  these  rec- 
ords are  listed  in  table  B-l  and  the  presently  active  stations  are 
shown  in  figure  A-3,  table  B-l*  These  records,  and  those  on  simi- 
lar streams  in  the  surrounding  area5  have  been  used  in  the  determin- 
ation of  the  percent  chance  of  occurrence  of  flood  flows  of  various 
magnitudes  which  may  be  expected  from  drainage  areas  ranging  in 
size  from  two  square  miles  to  the  entire  area  of  the  river  basin. 

The  generalized  results  from  this  investigation  are  presented 
graphically  on  figure  B-l*  In  the  making  of  this  study  the  availa- 
ble record  from  each  stream  gaging  station  was  examined  in  its  en- 
tirety and  all  floods  above  a selected  base  tabulated  for  statisti- 
cal analysis c Such  floods  were  found  to  occur  at  all  times  of  the 
year  and,  in  a few  cases. 


more  than  once  in  the  same  year$ 


Table  B-l«  Selected  Stream  Gaging  Records 
Youghiogheny  River  Watershed 


: 

Stream 

i 

Station  Location 

j 

- 1 

Drainage 

Years  of] 
Record 

. . .j 

Highest  Recorded 
Instantaneous 
Discharge 

1 

! 

(sq,  mio ) 

! 

( c*  fa  s a );  (c*  s,m,) 

Youghiogheny  River 
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28  ; 
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58 

u t; 
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* 

39 
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70 

ti  it 
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43 
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18 

ou 

ii  u 

Youghiogheny  River 
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7 

- 

. 

Dam,  par 

it  ti 

Friendsville,  Md« 
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ii  ii 

Oakland;,  Md« 

134 

6 
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Deep  Creek 

Sines,  Mdc 

65 

22 

tm 

Cm 

Green  Lick  Run 

Green  Lick  Reservoir, 

3507 

6 

1,400 
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Laurel  Hill  Creek 
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r j 1 

126 

9 

m 

ii  n n 

Ursina,  pa. 

121 

34 

o 

o 

to 

o 

I — 1 

85 

Casselman  River 

Confluence,  Pa0 

450 

9 

- 

ti  »: 

. 

Markleton,  pa0 

382 

\ 

34 

35,800 

! 

94 

Big  Finey  Run 

| Salisbury,  Pa* 

24s  5 

| 
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Drainage  Area  In  Square  Miles  Figure  8-1 
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Extent  and  Type  of  Damage 

Flood  Damage  - Flood  damages  in  the  Youghiogheny  River  Wat- 
ershed are  of  frequent  occurrence*  On  some  of  the  small  tributaries , 
losses  occur  annually-  These  floods  most  commonly  occur  in  the  sum- 
mer and  the  losses  sustained  are  mainly  to  unimproved  highways,  and 
to  growing  crops  and  pasture*  Much  greater  amounts  of  damage  accrue 
from  floods  of  rare  occurrence  in  any  one  small  drainage  area* 

These  floods  are  caused  usually  by  very  intense  summer  storms  and 
do  not  necessarily  create  flood  flows  on  the  main  streams*  The 
August  1947  flood  on  Elkliclc  Creek  tributary  of  Casselman  River  near 
Myersdale,  Pennsylvania,  was  typical  of  this  kind  of  flood*  The 
drainage  area  of  Eiklick  Creek  is  about  17  square  miles;  the  dis- 
charge of  the  flood  was  estimated  to  have  a probable  frequency  of 
100  years c Damages,  mainly  to  unimproved  highways  and  bridges,  were 
about  $15,000*  Also  illustrative  of  this  kind  of  flood  was  the 
August  3,  1935  flood  on  Jacks  Run,  a tributary  of  Sewickley  Creeko 
The  drainage  area  of  Jacks  Run  at  South  Greens burg,  Pennsylvania, 
is  21  square  miles;  the  probable  frequency  of  discharge  was  estima- 
ted at  27  years;  and  the  damages,  mainly  industrial  and  residential, 
were  approximately  $167,000o 

Floods  of  general  occurrence  throughout  the  watershed  cause 
more  damage  than  either  the  annual  flood  or  the  severe  infrequent 
localized  flood.  The  March  1936  flood  was  the  largest  of  any  of  the 
general  floods  ever  recorded?  Damages,  based  on  1949  values,  ex- 
ceeded $2, 750,000  in  the  Youghiogheny  River  Watershed,  Discharge 
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from  the  Youghiogheny  River  also  contributed  to  the  damage  at  points 
on  the  Mcnongahela  and  Upper  Ohio  Rivers* 

present  day  values  (1949)  of  the  total  direct  damages  caused 
by  the  1936  flood  at  downstream  points  are  summarized  as  follows t 
McKeesport  District.  11,577,000 

Pittsburgh  District.  219,394,000 

Wheeling  District*  • <....«*  57,887,000 

TOTAL  $288,858,000 


Average  Annual  Flood  Damage 


Average  annual  flood  damages  were  determined  by  a comparison 
of  the  amount  of  damages  caused  by  several  floods  varying  in  magni- 
tude and  are  shown  in  table  B-2*  In  each  of  the  major  streams,  re- 
curring damages  were  appraised  for  several  floods  of  recent  occurrence 
by  interviewing  owners  of  property  affected  by  the  floods 0 The  dam- 
ages were  suaanated  by  floods  for  each  stream,  and  related  to  flood 
frequency*  Figure  B-2,  "Probable  Frequency  of  Flood  Damage,  Cass el- 
man  River”,  illustrates  this  relationship* 

The  percentage  chance  of  occurrence  was  determined  for  each 
flood  for  which  damages  were  estimated.  The  summarized  damages  by 
floods  on  each  main  stream  7/ere  related  to  the  probable  frequencies 
of  the  floods,  and  expressed  in  graphic  form  as  damage-frequency 
curves.  From  these  curves  the  average  annual  damage  was  computed 
by  determining  the  area  under  the  curve  and  multiplying  this  by  the 


Damage  in  Thousands  of  Dollars 
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unit  area  value  obtained  from  the  values  of  the  coordinates The 
average  annual  damage,  as  computed  from  figure  B-2,  is  based  on  all 
floods  where  percent  chance  of  occurrence  is  less  than  100.  Hoxvever, 
in  the  computation,  it  is  assumed  that  the  damage  does  not  exceed 
that  shown  for  the  one  percent  flood* 


Table  3“20  Estimated  Average  Annual  Monetary  Recurrent  Flood  Damage 

Youghiogheny  River  Watershed 
(1949  Prices) 


Type  of  Damage 

Average  Annual  Damage 

1 

(dollars) 

Within  Youghiogheny  Watershed 

Main  Stem  Youghiogheny  River 

20,400 

Casselman  River 

9*500 

Laurel  Hill  Creek 

6,900 

Indian  Creek 

11,400 

Jacobs  Creek 

13,100 

Se'wickley  Creek 

15,200 

Miscellaneous  Tributaries 

64^100 

Subtotal 

140,600 

Below  Youghiogheny  Watershed 

McKeesport  Damage  District 

40,000 

Pittsburgh  Damage  District 

1,186,500 

Wheeling  Damage  District 

451,500 

Subtotal 

1,678,000 

TOTAL  AVERAGE  ANNUAL  DAMAGE 

1,818,600 

- fv 
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On  the  smaller  streams,  with  the  exception  of  three,  damages 
were  determined  by  essentially  the  same  procedure  as  that  described 
above,  but  they  were  developed  from  an  areal  expansion  of  damages 
studied  in  representative  sample  watersheds*  In  selecting  the  sam- 
ple tributaries  to  be  studied,  all  of  the  small  streams  having 
drainages  up  to  approximately  20  square  miles  were  classified  by 
their  pertinent  major  physical  characteristics,  such  as  size  of 
drainage  area,  stream  gradient,  extent  of  natural  or  artificial 
storage,  and  the  existence  of  damageable  property..  For  the  water- 
shed as  a whole,  26  samples  having  drainage  areas  totaling  110 
square  miles  were  selected.  The  flood  damages  determined  by  the 
sample  watershed  studies  are  included  in  "Miscellaneous  Tributaries" 
in  table  B-2 0 

The  three  exceptional  streams  referred  to  above  are  Jacks 
Run,  Wilson  Run  and  Snowy  Creek  and  they  were  not  represented  by 
the  samples  because  of  relatively  high  flood  damages.?  Damages  in 
these  three  areas  were  not  expanded  to  the  total  water she do 

Average  annual  damages  on  the  main  stem  of  the  Youghiogheny 
River  below'  the  Youghiogheny  River  Reservoir  were  obtained  through 
a different  procedure?  For  this  reach  a record  of  flood  stages  at 
Connells vi lie,  Pennsylvania,  since  1895,  was  available?  A graph 
showing  the  relationship  of  damages  occurring  on  the  main  stem  to 
flood  stage  at  Connellsville,  Pennsylvania,  was  obtained  from  the 
Department  of  the  Army,  Corps  of  Engineers*  By  use  of  this  stage- 
damage  curve,  damages,  based  on  1949  values,  were  estimated  for  each 
flood  experienced  between  1895  and  1946*  Average  annual  damages 
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were  determined  by  dividing  the  total  damage  for  the  period  by  the 
number  of  years c 

Discharge  from  the  Youghiogheny  River  contributes  to  damages 
caused  by  flood  stages  below  the  mouth  of  the  river  to  an  extent 
greater  than  its  drainage  area  would  indie ate*  For  example,  of  the 
March  1S36  and  March  1924  flood  peaks  at  Pittsburgh,  Pennsylvania, 
the  Youghiogheny  River  contributed  17  percent  and  23  percent  of  the 
discharge  respectively-,  However,  of  the  total  drainage  area  above 
Pittsburgh^  Pennsylvania,  and  Wheeling,  West  Virginia,  the 
Youghiogheny  River  Watershed  contains  9 percent  and  7 percent  re- 
spectively- 

Eight  flood  control  reservoirs,  one  of  which  is  located  in 
the  Youghiogheny  River  Watershed,  have  been  constructed  and  two 
others  are  under  construction  by  the  Department  of  the  Army,  Corps 
of  Engineers,  under  various  Congressional  authorizations,  which  af- 
ford flood  reduction  benefits  on  the  Ohio  River  system  above 
Wheeling,  West  Virginia© 

Average  annual  damages  in  the  downstream  damage  districts  of 
McKeesport,  Pennsylvania,  Pittsburgh,  Pennsylvania,  and  Wheeling, 
West  Virginia,  were  obtained  by  use  of  the  following  data,  furnished 
by  the  Department  of  the  Army,  Corps  of  Engineers,  and  the  U«  S» 
Weather  Bureaus 

la  Effect  of  flood  control  reservoirs  on  peak  stages 
by  damage  districts© 

2j  Stages  of  experienced  flood  events  by  damage  dis- 
tricts*) 

3*  Stage-damage  relations  by  damage  districts© 
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From  the  above  data,  damages  -were  computed  for  each  flood 
event  recorded,  based  on  1949  values,  and  for  a flood  stage  modified 
by  the  reservoirs^  The  residual  damages  were  summarized  for  each 
damage  district  and  divided  by  the  number  of  years  in  the  recorded 
periode 

The  average  annual  damages  within  the  watershed  and  at  points 
affected  by  the  Youghiogheny  River  discharge  are  shown  in  table  B-2* 
These  damages  do  not  include  those  which  will  be  controlled  by  cur- 
rent Department  of  the  Army,  Corps  of  Engineers  flood  control  oper- 
ations 9 

Flood  Damage  Appraisal 

Flood  damages  are  commonly  classified  as  direct  and  indirect. 
By  direct  damage  is  meant  the  physical  destruction  and  loss  result- 
ing from  direct  contact  with  flood  water  while  indirect  damage  in- 
cludes all  other  losses  associated  with  floods*  The  damages  shown 
in  the  report  include  both  direct  and  indirect,  except  for  those 
evaluated  from  basic  data  furnished  by  the  Department  of  the  Army, 
Corps  of  Engineers  on  the  main  stem  of  the  Youghiogheny  River  and 
at  points  below  the  watershed* 

Indirect  damages  were  not  calculated  separately,  however  they 
include  such  costs  as  evacuation  and  reentering  premises,  erecting 
temporary  shelters,  flood  fighting,  and  higher  costs  of  business 
operation,^  Other  indirect  losses  included  were  the  value  of  lost 
use  of  property  during  the  period  of  restoration,  and  loss  of  labor 
to  the  extent  that  it  was  not  accounted  for  by  emergency  work,  such 
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as  flood  fighting,  evacuating  goods,  cleaning  up,  etc©  Those  dama- 
ges such  as  losses  in  the  volume  of  trade  through  the  reduced  flow 
of  goods  from  the  flood  area  to  the  channels  of  trade  and  industry 
and  through  the  decreased  incomes  of  the  owners  of  flood  plain  prop- 
erty were  not  evaluated*  Ho  monetary  value  was  assigned  to  intangi- 
ble losses,  such  as  loss  of  life,  illness,  inconvenience,  and  dis- 
ruption in  social  activities®  Intangible  damages  were  very  large 
during  and  immediately  following  major  floods,  such  as  those  in 
1936,  1937  and  1942© 

In  estimating  damages  for  specific  floods,  experienced  flood 
damages  were  enumerated  and  used  as  the  basis  of  appraisal.  In 
those  cases  where  a property  was  destroyed  and  not  replaced,  the 
damage  was  considered  non-recurring  and  was,  therefore,  not  used? 

In  the  case  of  a highway  bridge  destroyed  and  replaced  by  a struc- 
ture capable  of  withstanding  higher  flood  flows,  the  damage  was  con- 
sidered non-recurring  and  modified  downward  to  reflect  the  damage 
if  the  flood  flow  were  to  reoccur© 

The  amount  of  damage  to  growing  crops  varies  with  the  season 
of  inundation,  depth  and  velocity  of  water,  duration  of  inundation, 
and  amount  of  deposition©  Since  flood  damage  to  crops  is  relative- 
ly insignificant  in  the  watershed,  no  detailed  studies  of  these 
variations  we re  made®  In  estimating  damages  for  those  instances 
where  crops  were  subject  to  flooding,  the  above  factors  were  con- 
sidered along  with  data  collected  from  farmers  who  had  experienced 
recent  crop  damage©  Information  obtained  from  crop  damage  surveys 
in  other  watersheds  was  used  where  applicable© 
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Sediment  Damages 

Increased  Maintenance  Cost  of  Highways  - Information  relat- 
ing to  the  type,  amount,  and  occurrence  of  damage  to  highways  by 
sedimentation  was  obtained  from  supervisors  of  State  and  Township 
roads.  Sediment  damage  to  highways  is  more  often  associated  with 
local  flash  floods  than  with  the  large  general  floods.  The  losses 
are  usually  higher  when  the  flood  occurs  during  the  early  part  of 
the  growing  season,  May,  June  or  July,  when  many  of  the  sloping 
fields  adjacent  to  the  highways  do  not  have  sufficient  protective 
vegetative  coverc  The  amount  of  these  damages  is  approximately 
$47,800  annually,  about  $12o90  per  mile  of  public  rcadc  This  esti- 
mate of  highway  damage  does  not  include  the  costs  of  removing  materi- 
al which  is  deposited  over  a long  period,  because  the  source  of  this 
sediment  may  be  mainly  from  the  road  bed  itself.  The  appraised  dam- 
age represents  the  losses  accruing  from  preventable  erosion© 

Loss  in  Reservoir  Storage  Capacity  - Surveys  were  made  of 
soven  reservoirs  in  the  watershed  to  determine  the  extent  of  damage 
caused  by  sedimentation;,  The  rate  of  silting  was  found  to  be  very 
loWc  For  two  cf  the  reservoirs  studied  the  silting  rate  was  so 
slight  as  to  be  immeasurable;  in  two  others,  the  rate  of  reduction 
in  storage  capacity  was  003  per  cent  annually;  in  one  it  was  less 
than  0ol  percent;  and  in  the  other  two  reservoirs  it  was  0©5  percent 
and  1*1  percent  respectively;,  The  latter  are  channel  type  reser- 
voirs, having  capacity  watershed  ratios  of  19  and  7 respectively, 
where  the  comparatively  high  rate  of  storage  depletion  results 
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principally  from  accumulated  bedload  material.  The  rate  of  sedi- 
ment production*  as  indicated  by  measurements  on  these  seven  reser- 
voirs, is  in  no  case  greater  than  0*13  acre-foot  per  square  mile 
annually a 

The  Youghiogheny  River  Reservoir,  located  on  the  main  stem 
of  the  Youghiogheny  River  at  Confluence,  Pennsylvania,  is  the  larg- 
est reservoir  in  the  watershed#  It  was  built  by  the  Department  of 
the  Army,  Corps  of  Engineers,  under  the  general  authorization  for 
flood  control  reservoirs  in  the  Ohio  River  Basin,  contained  in  the 
Flood  Control  Act  of  June  28,  1938,  and  placed  in  operation  in  Octo- 
ber 1943a  The  reservoir  has  a net  drainage  area  of  429e4  square 
miles,  a total  storage  capacity  of  249,000  acre-feet,  and  was  built 
at  a cost  of  $9,000,000®  It  is  used  for  purposes  of  flood  control 
and  regulation  of  streamflow  for  navigation  and  pollution  abatement. 

A survey  made  by  the  Corps  of  Engineers  indicates  that  the 
rate  of  sedimentation  in  the  permanent  pool  of  the  reservoir  has 
averaged  0a06  percent  per  year  for  the  six  year  period  ending  Octo- 
ber 1949®  It  was  considered  that  the  monetary  damage  caused  by 
this  low  sedimentation  rate  would  be  insignificant# 

Pfater  Treatment  Costs  - Studies  were  made  of  the  effect  of 
suspended  sediment  load  in  the  Youghiogheny  River  at  Connellsville, 
Pennsylvania,  on  costs  of  filtration#  Additional  costs  of  filtra- 
tion, due  to  suspended  sediment  loads,  were  computed  for  four  flood 
periods  at  Connellsville,  Pennsylvania*  Based  on  an  estimated  use 
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of  15 $ 4 million  gallons  daily  from  the  Ycughiogheny  River*  the  ad« 
ditional  costs  of  water  treatment  are  summarized  as  follows s 


Flood  Period 

Maximum  Turbidity 

Additional  Water 
Treatment  Cost 

(parts  per  million) 

(dollars) 

August  1®12P  1935 

85 

460 

March  10-23*  1936 

200 

645 

Aug,  28  - Sept0  6,  1936 

180 

600 

April  24-30,  1937 

80 

235 

During  normal  flows  the  suspended  sediment  load,  at  points 
where  water  is  taken  from  the  river  for  domestic  uses,  is  approxi- 
mately  10  parts  per  million?  This  low  turbidity  does  not  increase 
filtration  costs  significantly? 

Channel  and  Valley  Sedimentation  « Sediment  damage  is  occur« 
ring  in  the  valleys  of  some  of  the  small  tributaries $ The  most  im- 
portant of  these  tributaries  are  West  Branch  Coxes  Creek  and  Upper 
Laurel  Hill  Creek©  Deposition  of  sediment  in  the  low  gradient 
stream  channels  and  on  the  adjoining  bottomlands  is  one  of  the  fac- 
tors contributing  to  an  increase  in  the  stage  and  frequency  of 
floods  and  intensification  of  land  drainage  problems c 

Dredging  Costs  « The  effect  of  sedimentation  on  maintenance 
costs  of  navigable  stream  channels  was  computed  for  the  navigable 
portion  of  the  Youghiogheny  Rivero  Approximately  10*000  cubic 
yards  of  deposited  material  in  this  channel  is  dredged  annually? 
About  one -ha If  of  the  dredged  material  has  its  source  in  land 
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erosion«  Based  on  a cost  of  $1,25  per  cubic  yard  of  deposits  re- 
moved* the  damage  from  land  erosion  is  $6*250  annuall ye 

Suspended  sediment  carried  by  the  Youghlogheny  River  con- 
tributes to  the  dredging  problem  in  the  Monongahela  and  Ohio  Rivers® 
However s when  considering  its  contribution  in  relation  to  that  con- 
tributed by  the  other  watersheds*  the  damage  would  be  relatively 
low*  and  was  therefore  not  calculated® 

Los ses^in^ Fish  and  Wildlife  - The  harmful  effect  of  sediment 
on  fish  and  Wildlife  has  not  been  evaluated  in  monetary  terms*  The 
problem  of  evaluation  is  complicated  and  difficult  because  the  pol- 
lution of  waters  is  also  caused  by  industrial  and  coal  mining 
wastes®  The  benefits  derived  from  reducing  pollution  and  sedimen- 
tation caused  by  land  erosion  are*  in  part*  dependent  upon  the  reduc- 
tion of  pollution  by  other  sources0 

Erosion  Damage 

Damage  to  pasture  lands  caused  by  erosion  was  not  calculated* 
because  it  is  expected  that  going  programs  will  establish  within 
the  20-year  installation  period  practically  all  of  the  soil  conser- 
vation measures  required  to  substantially  control  erosion®  Based 
on  studies  of  the  Soil  Conservation  Service,  the  average  annual  rate 
of  topsoil  loss  on  all  cropland  is  6 06667  surface  inches,?  Based  on 
studies  of  the  same  source  it  was  estimated  that  for  each  inch  of 
soil  eroded*  yields  of  specified  crops  would  decrease  by  varying 
amounts  ranging  from  302  to  10© 0 percent*?  Present  average  yields* 
production  and  value  of  production  for  the  area  of  croplo.nd  in  the 
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watershed  are  shown  in  table  B-3*  These  data  apply  to  all  lands 
regardless  of  variation  of  erodibility.  Similarly,  the  rate  of  ero- 
sion used  in  determining  the  extent  of  damage  is  an  average  of  all 
conditions o 

The  annual  equivalent  value  of  erosion  damage  is  shown  in 
table  B»4 * The  loss  is  based  on  the  assumption  of  yield  declines; 
however,  it  may  occur  through  other  or  combination  of  other  changes, 
such  as  increased  production  costs  in  an  effort  to  maintain  yields, 
or  lengthening  crop  rotations,,  The  value  of  decreased  production 
was  accepted  as  a net  loss,  inasmuch  as  reductions  in  fertility  mean 
little  or  no  reduction  in  costs  of  raising  the  crop  The  value 
of  the  decline  in  crop  production  was  assumed  to  represent  the  ero- 
sion damages  up  to  the  point  of  20  percent  reduction  in  yields#  At 
this  point  changes  may  occur  in  farm  management  practices  which 
would  have  a tendency  to  reduce  the  losses.  The  annual  equivalent 
value  of  the  erosion  damage  is  $607,900# 

Table  B-3*  Present  Acreage  of  Crop 
Production  and  Values 
Ycughiogheny  River  Yfetershed 


Acres 

Average  Yield 

Total 

Production 

Unit 

Value 

1 

! Value  of 
| Production 

Unit  | Amount 

• 

: 

' ' 

• 

(dollars )|  (dollars) 

Corn  Grain 

38-231 

Bu, 

39c6 

1,513,948 

1*44 

2,180,085 

Corn  Silage 

15,602 

Ton 

10*0 

156,020 

9*30 

1,528,996 

Wheat 

25,361 

Bu* 

20*5 

519,901 

1*80 

935,822 

Oats 

56,547 

Bu* 

32*5 

1,837,778 

« 76 

1,596,711 

Hay 

113,374 

Ton 

1*24 

140,584 

24*48 

! 3,441,496 

Potatoes 

3,630 

* 

Buo 

180*0 

653,400 

1«  55 

i 1,012,770 

TOTAL 

252,745 

i 

10,495,880 

l/  ’’One  Method  for  Evaluating  Effect  of  Measures  to  Prevent  Erosion 
~ of  Topsoil”,  by  George  H«  Walter,  AGRICULTURAL  ECONOMICS  RESEARCH, 
April  1950,  Bureau  of  Agricultural  Economics* 
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Table  B-I4..  Expected  Effect  of  Erosion  on  Value  of  Crop 
Production  Without  Land  Treatment  Measures 
Youghiogheny  River  Watershed 
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Summary  of  Carnages 

A summary  of  all  evaluated  recurrent  damages  in  the  watershed 
is  shown  in  table  B-5* 


Table  B»5«  Estimated  Average  Annual  Recurrent  Monetary  Damage 
Youghiogheny  River  Watershed 
(1949  Prices) 


Type  of  Carnage 

Average  Annual  Damage 

(dollars ) 

Damage  Due  to  Inundation 

Within  Wat  e r she  d 

140,600 

Below  Watershed 

1*678*000 

Subtotal 

1,818,600 

Damage  Due  to  Sediment 

Highways 

47,800 

Dredging  Costs 

6,250 

Subtotal 

54,050 

Damage  Due  to  Erosion 

607*900 

TOTAL  AVERAGE  ANNUAL  DAMAGE 

2,480,550 

t 
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APPENDIX  C . PROGRAM 
Needs  of  the  Watershed 

The  Xpwer  Youghiogheny  River  Watershed  is  part  of  the 
highly  industrialized  and  populated  area  adjacent  to  Pittsburgh, 
Pennsylvania*  Flood  runoff  and  sediment  from  the  Youghiogheny 
Watershed  contribute  to  local  and  downstream  problems®  Increas- 
ingly large  quantities  of  water  are  needed  to  meet  the  demands  of 
industries  and  urban  communities# 

The  basic  need  of  the  watershed  therefore  is  the  establish- 
ment of  an  integrated  runoff  and  water flow  retardation  and  erosion 
control  program#  Such  a program  will  include  land  use  adjustments, 
land  treatment  measures  and  practices,  and  additional  structural 
measures  installed  primarily  for  flood  and  sediment  reduction. 

The  component  parts  of  a land  program  must  be  fitted  to  the 
capabilities  and  needs  of  the  land  and  are  influenced  by  the  farm 
economy  and  cropping  patterns,  and  the  nature  of  the  problems  of 
flood  and  sedimentation®  The  kind,  location,  and  extent  of  damages 
largely  determine  what  structural  measures  can  be  effectively  used. 

Increased  demands  for  water  of  good  quality  are  practically 
basin-wide $ and  pollution  is  a serious  problem  in  the  downstream 
portions®  This  establishes  the  need  for  a coordinated  watershed 
program  in  the  interests  of  conservation  and  utilization  of  water® 

Determination  of  Needs 
Land  Treatment  Measures  and  Practices 


Open land  - Data  from  the  1945  U®  S.  Agricultural  Census  were 
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utilized  to  determine  areas  of  openland  devoted  to  different  uses, 
numbers  of  farms,  and  numbers  of  livestock.  This  information  was 
developed  for  gaged  watersheds. 

Detailed  information  on  needed  land  use  adjustments  and 
land  treatment  measures  and  practices  was  secured  from  studies  of 
conditions  within  sample  areasc  The  sample  areas  were  selected  to 
represent  the  different  agricultural  conditions,  soils,  and  gen- 
eral topography  found  in  the  watershed©  Detailed  soil  conservation 
surveys  of  the  sample  areas  were  followed  by  the  planning  of  land 
use  changes  and  land  treatment  measures,  as  established  by  the 
capabilities  of  the  soilo 

The  information  collected  from  sample  areas  was  used  to  de- 
termine total  watershed  needs  by  expansion  to  areas  of  similar  soils 
and  land  use0  A reconnaissance  soil  survey  of  the  entire  watershed 
supplemented  by  the  information  on  land  use  established  from  the 
Census,  provided  the  basis  for  this  expansion.  Minor  adjustments 
in  the  watershed  needs  were  made  to  conform  with  the  estimated  con- 
servation needs  and  with  conservation  farm  planning  in  nearby  areas. 
At  the  time  the  original  field  survey  was  made  there  were  no  soil 
conservation  districts  established,  although  at  the  present  time 
districts  are  operating  in  four  of  the  six  counties  represented  in 
the  water she do  Farm  plans  prepared  in  these  districts  were  not 
considered  a representative  sample  for  determining  land  use  changes 
and  land  treatment  measures.  Total  openland  treatment  needs  of  the 


watershed  are  shown  in  table  C-l 
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Table  C-l*  Total  Watershed  heeds 
Youghiogheny  River  Watershed 


Practice 

Unit 

Quantity 

Ic  Land  Treatment  Measures  end  Pi' act  ices 

Contour  Strip  Cropping 

Acres 

180.900 

Cover  Cropping 

Acres 

40,000 

Diversions  and  Terraces 

Miles 

1,080 

Cutlets  and  Waterways 

Acres 

570 

Establishing  Perennial  Hay 

Acres 

36,600 

\ 

Pasture  improvement 

Acres 

98,600 

Pasture  Mana gement 

Acres 

134,100 

Contour  Furrowing 

Acres 

48,800 

Stre embank  Erosion  Control 

Miles 

4 

Erosion  Control  Structures 

No* 

1,400 

Improved  Forest  Management 

Acres 

600,800  V 

Tree  and  Shrub  Planting 

.acres 

43,800  y 

Public  Land  Acquisition 

Acres 

83,000 

I I®  Additional  Measures 

Stream  Channel  Improvement 

Miles 

30 

Water  Retarding  Structures 

No « 

7 

l/  Total  future  commercial  forest  area* 

2/  Includes  6,600  acres  of  shrub  planting® 
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Forest  Land  - The  areal  distribution  of  forest  land  was  de- 
termined by  utilizing  data  from  the  1945  Agricultural  Census*  Dis- 
tribution of  stand  size  and  condition  classes  was  determined  by  a 
field  survey  of  some  300  sample  plots  mechanically  distributed  over 
the  watershed©  These  data*  supplemented  by  discussions  with  local 
agencies*  provided  the  basis  for  developing  a picture  of  the  pres- 
ent forest  land  situation  and  also  indicated  the  remedial  measures 
needed  to  correct  present  -unsatisfactory  hydrologic  conditions* 

Total  forest  land  treatment  needs  are  shown  in  table  C-l» 

Local*  state*  and  federal  agencies  contributed  information 
and  advice  on  the  development  of  the  program©  Their  present  activi- 
ties were  taken  into  account  in  determining  present  and  expected 
future  needs©  Type  of  ownership  of  forest  land  was  determined  since 
it  has  an  important  effect  on  program  installation.  At  present  89 
percent  of  the  forest  area  is  owned  by  private  individuals  and  11 
percent  by  various  public  agencies© 

A general  rehabilitation  program  is  needed  in  the  forest  land 
of  the  watershedo  This  includes  the  establishment  of  improved  for- 
est management  practices*,  planting  of  trees  and  shrubs*  and  public 
acquisition  of  the  portion  of  the  area  that  is  critical  for  water- 
shed protection  and  which  will  not  be  rehabilitated  by  the  present 
owners© 

Additional  Measures  - The  West  Branch  of  Coxes  Creek  located 
to  the  west  of  Somerset,  Pennsylvania*  and  the  headwaters  of  Laurel 
Hill  Creek  were  used  as  sample  tributaries  of  the  Youghiogheny  River 
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Watershed  to  ascertain  the  present  condition  of  the  tributary  stream 
channels  and  the  kinds  and  amounts  of  channel  improvement  measures 
which  would  be  effective  in  alleviating  damages# 

In  general,  the  low  gradient  of  these  two  tributaries  and 
the  high  sediment  production  rate  of  the  watershed  above  have 
brought  about  aggradation  in  the  channel#  This  aggradation  has  re- 
sulted in  some  meandering  and  considerable  impairment  of  existing 
drainage  facilities  in  the  bottomland  along  the  main  stems# 

It  was  determined  by  a study  of  the  costs  of  and  resulting 
benefits  from  the  required  intermittent  dredging  and  realignment 
work  that  approximately  15  miles  of  stream  channel  work  on  these 
two  sample  tributaries  would  return  benefits  in  excess  of  costs. 

The  quantities,  costs,  and  benefits,  were  projected  to  the 
watershed  on  the  basis  that  the  stream  miles  in  the  sample  tribu- 
taries represented  approximately  one-half  the  stream  miles  re- 
quiring treatment  in  the  watershed#  This  estimate  was  made  from 
a study  of  existing  soils  data  and  field  surveys., 

Proposed  sites  for  small  water  retarding  structures  were 
located  by  a careful  study  of  the  U»  So  Geological  Survey  maps 
covering  the  watershed  above  all  high  damage  points  or  reaches. 

It  was  possible  from  these  maps  to  locate  sites  favorable  for  the 
construction  of  retarding  structures  of  the  type  recommended  and 
to  determine  drainage  areas  above  the  proposed  structures.  A topo- 
graphic survey  was  made  of  each  site  selected,  the  structure  de- 
signed, and  its  effect  on  the  flood  damage  determined.  (See  Appen- 
dix D).  Benefit-cost  comparisons  were  then  made  for  each  structure 
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and  for  various  combinations  of  structures  above  a damage  point  to 
determine  the  exact  number  of  water  retarding  structures  that  would 
be  included  in  the  needs  of  the  watershed. 

Land  Use  Adjustments 

Land  use  adjustments  were  determined  for  the  watershed  ac- 
cording to  the  needs  and  capabilities  of  the  land*  The  use  of  such 
land  treatment  measures  as  contour  strip  cropping  and  diversions 
was  also  considered  in  determining  the  needed  land  use  adjustments# 
These  adjustments  will  provide  substantial  reductions  in  flood  and 
sediment  damages® 

The  land  use  changes  needed  involve,  principally,  reductions 
in  acreages  of  clean  tilled  and  grain  crops,  poor  pastures,  and  grazed 
forests,  and  increases  in  acreages  of  hay,  good  pasture  and  good 
forest  lando  Actual  changes  in  acreages  of  each  land  use,  while  de- 
pendent on  capabilities,  will  also  be  influenced  by  such  factors  as 
location  on  the  farm*,  field  arrangements,  stoniness  and  drainage 
condition  of  soilo  Total  needed  land  use  adjustments  are  shown  in 


table  C-2 
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Table  G-2.  Needed  Land  Use  Adjustments 
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Activities  Related  to  Flood  Control 
General  Statements 

Federal  and  state  agencies  are  currently  carrying  on  or 
aiding  several  programs  which  relate  to  flood  control.  Four 
agencies  in  the  Department  of  Agriculture  are  active  in  this  type 
of  work;  Production  and  Marketing  Administration,  Forest  Service, 
Extension  Service,  and  Soil  Conservation  Service. 

The  production  and  Marketing  Administration  furnishes  direct 
aids  to  individual  farm  owners  for  the  application  of  many  soil  and 
water  conservation  measures  and  practices^  such  as  the  improvement 
of  hay  and  pasture  lands  through  lime  and  fertilizer  applications, 
establishment  of  hay  and  pasture,  construction  of  diversions  and 
terraces-  strip  cropping,  maintaining  grassed  waterways,  the  use 
of  cover  crops  or  mulching,  tree  planting,  protection  from  grazirg  , 
and  timber  stand  improvement. 

The  Forest  Service  cooperates  with  the  states  in  promoting 
sound  forestry  practices.  Through  the  Norris-Doxey  Act,  technical 
services  in  forest  land  management  are  furnished  to  farm  forest  land 
owners,  trider  the  provisions  of  the  Clarke-MoNary  Act  financial 
assistance  is  furnished  to  states  for  fire  protection  and  for  pro- 
duction of  tree  seedlings  to  be  distributed  to  land  owners  at  low 
cost. 

During  the  past  four  years  the  average  percentage  of  pro- 
tected area  burned  has  been  024  percent  in  Pennsylvania,  .11  per- 
cent in  Maryland,  and  «68  percent  in  West  Virginia.  Only  4 percent 
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of  the  watershed  is  in  West  Virginia,  and  the  standard  of  fire  pro- 
tection attained  in  the  watershed  in  that  State  is  better  than  the 
State  average*  On  the  whole,  present  protection  is  considered  ade- 
quate for  flood  control  purposes# 

The  Extension  Service  is  cooperating  with  the  State  Extension 
Services  which  through  their  county  agricultural  agents  and  extension 
specialists  are  currently  conducting  an  educational  program  in  the 
counties  of  the  watershed  which  is  helping  to  increase  the  application 
of  various  land  treatment  practices  and  measures# 

The  Soil  Conservation  Service  is  furnishing  technical  services 
to  soil  conservation  districts  for  the  planning  and  installation  of 
soil  and  water  conservation  practices  and  measures#  Limited  amounts 
of  tree  and  shrub  planting  stock  are  furnished  to  districts# 

Through  these  existing  authorities  the  Department  of  Agricul- 
ture is  now  expending  $86,000  annually  in  the  Youghiogheny  River 
Watershed  to  carry  out  these  activities# 

The  Department  of  the  Army,  Corps  of  Engineers,  has  con- 
structed a reservoir  on  the  Youghiogheny  River  above  Confluence,  in 
the  interests  of  flood  control  and  navigation#  This  reservoir  in- 
fluences the  runoff  from  about  twenty-five  percent  of  the  total 
Youghiogheny  drainage  area  and  will  reduce  flood  damages  along  the 
main  stem  of  the  Youghiogheny  as  well  as  on  the  Monongahela  River 
at  McKeesport,  Pennsylvania,  and  along  the  Ohio  River  as  far  down- 
stream as  Wheeling,  West  Virginia  and  below#  Operation  of  the  reser- 
voir in  aid  of  navigation  has  increased  low  stream  flows  and  has  im- 
proved the  quality  of  water  to  users  downstream# 
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The  Corps  of  Engineers  is  maintaining  a navigable  channel  in 
the  Youghiogheny  River  for  a distance  of  102  miles  upstream  from 
its  mouth*  This  section  is  within  the  McKeesport  City  limits* 

State  and  other  local  agencies  administer  certain  lands  in 
public  ownership*  predominantly  forest  land  in  state  and  municipal 
forests 9 parks*  and  game  lands*  In  general*  these  lands  are  being 
managed  in  accordance  with  the  aims  and  objectives  of  the  recom- 
mended flood  control  program.  In  some  oases,  minor  changes  in  man- 
agement practice  is  necessary  if  these  lands  are  to  provide  optimum 
watershed  protection* 

Soil  Conservation  districts  organized  under  state  laws*  are 
operating  in  four  of  the  six  counties  which  make  up  the  watershed* 
These  districts  have  developed  programs  of  proper  land  use  and  of 
soil  and  water  conservation  on  farm  lands* 

Recommended  Program 

The  following  recommended  program  includes  the  intensifica- 
tion* acceleration*  and  adaptation  of  certain  activities  under  cur- 
rent programs  of  the  Department  of  Agriculture  as  described  under 
Activities  Related  to  Flood  Control”  and  additional  measures*  not 
now  regularly  installed  but  considered  necessary  to  complete  a 
balanced  runoff  and  waterflow  retardation  and  erosion  control  pro- 
gram for  the  watershed.  The  recommended  program  including  land 
use  adjustments*  is  deemed  of  primary  importance  to  the  objective 
of  the  flood  control  act  and  does  not  include  measures  or  prac- 
tices for  the  primary  purpose  of  increasing  production*  For  ex- 
ample* items  such  ass  the  application  of  fertilizer  after  the 
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installation  or  establishment  of  a measure  has  been  completed;  farm 
water  supply  and  distribution  systems  exclusively  for  the  purpose 
of  livestock  and  domestic  use;  drainage  and  irrigation  for  increased 
production;  tree  planting  or  timber  stand  improvement  for  timber 
production  only;  and  the  installation  of  recreational  facilities 
are  not  included  as  part  of  the  recommended  program. 

The  land  treatment  and  additional  measures  are  shown  in 
table  C-3,  and  are  referred  to  throughout  the  report  and  appendices 
as  the  recommended  program©  The  individual  measures  and  practices 
are  described  below©  Recommended  land  use  adjustments  are  shown 
in  table  C-4. 

Open land 

The  openland  measures  will  reduce  erosion  and  runoff  through 
changes  in  land  use  and  the  adoption  of  improved  cultural  and  man- 
agement practices© 

Contour  Strip  Cropping  - This  measure  is  the  growing  of  hay 
or  other  close  growing,  soil  conserving  crops  in  alternate  contour 
strips  with  clean  tilled  or  soil  depicting  crops.  Such  a measure 
maintains  at  least  half  of  the  strip  cropped  fields  in  hay  or  close 
growing  crops  which  will  filter  out  eroded  material  and  reduce  sedi- 
mentation downstream©  Contour  cultivation,  which  is  included  with 
contour  strip  cropping  in  this  report,  is  used  to  protect  gently 
sloping  land  or  small  fields  where  strip  cropping  is  not  feasible. 
Contour  cultivation  and  contour  strip  cropping  reduce  the  rate  and 
amount  of  runoff  by  increasing  infiltration  rates  and  by  providing 
temporary  surface  storage.  The  removal  of  hedgerows  or  other 
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Table  C-3.  Recommended  Program  Measures 

Youghiogheny  River  Watershed 


Practice 

Unit 

Quantity 

I*  Land  Treatment  Measures  and  Practices 

Contour  Strip  Cropping 

Acres 

129,000 

Cover  Cropping 

Acres 

19,100 

Diversions  and  terraces 

Miles 

960 

Outlets  and  Waterways 

Acres 

190 

Establishing  Perennial  Hay 

Acres 

28,900 

pasture  Management 

Acres 

96,500 

C ontour  Furr  owing 

Acres 

48,700 

Streambank  Erosion  Control 

Miles 

4 

Erosion  Control  Structures 

Number 

970 

Improved  B’orest  Management 

Acres 

600,800  1/ 

Tree  and  Shrub  Planting 

Acres 

38,400 

Public  Land  Acquisition 

Acres 

83,000 

lie  Additional  Measures 

Stream  Channel  Improvement 

Mi  le  s 

30 

Water  Retarding  Structures 

Numb  er 

7 

l/  Total  future  commercial  forest  area* 

2/  Includes  5,800  acres  of  shrub  planting* 
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obstructions  is  necessary  on  many  farms  for  proper  installation  of 
contour  strip  cropping.  Some  129,000  acres  are  recommended  for 
contour  strip  cropping. 

Cover  Cropping  - This  practice  refers  to  the  growing  of 
temporary  crops  for  the  purpose  of  soil  protection  during  off  sea- 
sons for  regular  crops  or  during  periods  when  the  land  would  be 
idle  or  fallow.  Cover  cropping  protects  the  soil  from  erosion  by 
reducing  the  impact  of  rainfall,  and  reduces  runoff  through  better 
infiltration  conditions.  This  measure  includes  application  of 
mulches,  which  are  normally  organic  matter  grown  elsewhere  and  ap- 
plied to  critical  areas#  The  organic  matter  added  by  cover  crop- 
ping and  mulching  increases  the  water  holding  capacity  of  the  soil. 
Cover  cropping  is  recommended  for  some  19,100  acres. 

Diversions  and  Terraces  - Diversions  and  terraces  are  grouped 
as  one  measure  since  they  have  the  same  general  function,  inter- 
cepting surface  runoff  and  carrying  it  across  slopes  in  designed 
channels#  Diversions  are  normally  kept  in  perennial  hay,  while 
terraces  are  used  for  the  same  crop  as  the  contiguous  land.  Both 
diversions  and  terraces  are  used  in  connection  w ith  strip  cropping 
and  contour  cultivation,  and,  by  removing  excess  surface  water, 
facilitate  the  control  of  erosion  by  vegetative  means#  The  removal 
of  hedgerows  and  other  obstructions  is  often  necessary  for  the  in- 
stallation of  this  measure.  A total  of  9G0  miles  of  diversions  and 
terraces  are  recommended  for  the  watershed. 
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Outlets  and  Waterways  - Natural  drainage  ways  are  used 
wherever  possible  for  disposing  of  water  from  diversions  and  ter- 
races* They  arc  usually  stabilized  and  protected  by  permanent 
grass  cover*  Where  grass  alone  does  not  provide  a safe  cover  * 
additional  protective  measures  such  as  drop  structures  or  lined 
flumes  are  used0  Properly  constructed  and  protected  outlets  a.nd 
waterways  will  appreciably  reduce  erosion  losses  and  sediments.tion 
damage#  The  acreage  of  outlets  and  waterways  recommended  is  190# 
This  figure  was  calculated  on  the  basis  that  the  outlet  or  water- 
way channel  is  20  feet  wide* 

Establishing  Perennial  Hay  - Vegetative  cover  consisting  of 
long-lived  legumes  and  grasses  suitable  for  hay  is  recommended  for 
those  areas  where  clean  tilled  crops  cannot  be  safely  grown  in  ro- 
tation. Reseeding  of  the  hay  mixture  will  be  done  at  infrequent 
intervals  with  as  little  cultivation  of  the  land  as  possible.  Per- 
ennial hay  is  also  recommended  for  use  in  protecting  diversions* 
Runoff  will  be  reduced  and  erosion  will  be  largely  eliminated  by 
adequate  hay  cover  on  present  critical  areasj  This  type  of  use 
and  cover  is  recommended  for  28^900  acres  in  the  Youghiogheny 
basin* 

Pasture  Management  - The  objective  of  pasture  management  is 
the  maintenance  of  adequate  vegetative  cover  on  land  used  for  per- 
manent pasture  to  reduce  erosion  and  runoff.  Mowing  to  control 
wee ds  and  remove  mature  grasses*  scattering  of  droppings,  and  regu- 
lating the  intensity  of  grazing  are  essential  to  pasture  management. 
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Additional  fencing  is  usually  required  for  adequate  control  of 
grazing©  Certain  areas  of  pasture  land  are  rough  or  are  partially 
covered  by  trees  or  brush©  Where  necessary  these  obstructions  will 
be  removed*  Management  of  pasture  to  attain  the  objectives  listed 
above  is  recommended  for  96,500  acres*. 

Contour  Furrowing  - Level  furrows  or  small  level  terraces 
with  no  outlets,  are  used  for  storage  of  water  on  pastured  slopes 
where  the  vegetative  cover  is  inadequate©  Temporary  storage,  equi- 
valent to  one-half  inch  of  runoff  from  the  area  treated,  is  pro- 
vided by  furrows  of  proper  cross  section  and  spacing©  Permanent 
pasture  areas  recommended  for  treatment  with  contour  furrows  total 
43,700  acres© 

Streambank  Erosion  Control  - Eroding  streambanks  on  small 
tributary  streams  cause  sedimentation  damage  downstream  and  loss 
of  flood  plain  land  adjacent  to  the  streams®  Erosion  control  for 
such  banks  involves  sloping  the  banks  and  protecting  them  by  me- 
chanical means  such  as  riprap  or  by  suitable  vegetation®  Erosion 
control  is  recommended  for  almost  four  miles  of  small  stream  banks© 

Erosion  Control  Structures  - Included  in  this  classification 
are  such  small  structures  as  drop  inlets,  flumes,  and  culverts,  used 
to  protect  waterways,  outlets  or  other  water  disposal  channels  from 
gullying  or  other  types  of  erosion.  Where  it  is  not  feasible  to 
use  drop  inlets  or  similar  structures,  protection  is  provided  by 
channeling  the  water  through  flumes  or  culverts©  The  total  of  973 
structures  recommended  for  construction  in  the  Youghiogheny  Water- 
shed reflects  the  condition  of  steep  eroding  slopes  with  existing 
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or  incipient  gullies,  and  the  inadequacy  of  present  water  disposal 

systems* 

Forest  Land 

The  purpose  of  the  recommended  program  is  to  build  up  and  main- 
tain cover  and  soil  conditions  that  provide  and  maintain  optimum  water- 
shed relations  on  all  forest  land#  Installation  of  the  measures  is 
expected  to  increase  the  infiltration  rate  and  the  water  holding  capa- 
city of  the  soils  This  mil  reduce  surface  runoff,  stabilize  soils, 
and  prevent  erosion* 

Three  general  measures  are  proposed  to  meet  the  above  objec- 
tives: application  of  improved  forest  management  practices;  increase 
in  forest  acreage  by  converting  certain  crop,  pasture,  and  idle  lands 
to  forest  land  in  accordance  with  the  needs  and  capabilities  of  the 
land;  public  acquisition  of  critical  watershed  areas  to  insure  neces- 
sary rehabilitation  and  continuity  of  management  required  to  protect 
public  interests c These  are  shown  in  table  C-3. 

On  certain  types  of  public  lands  some  standards  and  practices 
are  not  in  line  with  the  objectives  of  this  program.  Where  re- 
orientation of  objectives  and  improvement  of  practices  on  these 
lands  are  limited  by  finances,  the  necessary  measures  and  funds  are 
included  in  the  recommended  program* 

Improved  Forest  Management  - A management  plan  will  be  pre- 
pared for  each  property*  This  plan  will  integrate  the  dual  ob- 
jectives of  watershed  protection  and  timber  production  and  will 
outline  the  important  forest  land  management  activities — such  as 
planting,  cultural  operations,  and  harvest  cuttings— to  be  carried 
out  in  order  to  maintain  the  forest  land  in  the  best  possible  con- 
dition for  flood  control  and.  water  conservation.  Plans  will  be  pre- 
pared for  about  473,000  acres  in  private  ownership  and  for  71,300 
acres  in  public  ownership. 
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Technical  service  will  be  provided  to  forest  land  owners 
and  operators  at  public  expense  to  mark  timber  for  harvest  cuttings 
end  for  cultural  operations*  Clear  cutting  over  extensive  areas 
will  be  eliminated  as  a harvesting  method  by  substituting  selective 
cuttings  wherever  applicable  or  by  supplementing  selective  cuts 
with  shelterwood,  patch*  group,  or  strip  cutting  where  silvicul- 
turally  necessary.  It  is  estimated  that  approximately  473*000  acres 
of  private  land  and  71,300  acres  of  public  land  will  be  marked  for 
harvest  cuts  on  a continuing  basis©  In  addition,  cultural  opera- 
tions will  be  outlined  on  approximately  110,000  acres  of  private 
land  and  13*600  acres  of  public  land  during  the  installation  period. 

Corrective  measures  are  needed  on  the  present  logging  and 
skid  road  system  to  correct  unstable  conditions  which  lead  to  rapid 
runoff  and  excessive  sediment  movement.  Such  roads  are  often  poorly 
located,  have  inadequate  drainage  facilities,  and  contribute  ex- 
cessively to  flood  runoff.  Technical  services  will  be  provided  for 
the  proper  planning  and  locating  of  the  future  road  system  and  to 
outline  the  action  to  be  taken  to  correct  unsatisfactory  conditions 
on  existing  logging  roads*  In  addition,  other  federal  aids  will  be 
made  available  for  installation  of  water  bars*  ditches,  culverts, 
and  other  structures  needed  to  remove  surface  water  from  the  road- 
way and  spread  it  where  it  can  enter  the  soil  profile.  Seeding, 
and  in  some  cases  fertilization,  is  needed  to  assure  revegetation 
of  roadways  after  use.  Road  stabilization  measures  will  be  applied 


as  needed  on  the  entire  commercial  .forest  area 
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Cultural  operations  are  needed  to  rapidly  build  up  thrifty, 
well  stocked  stands  which  will  create  optimum  forest  land  hydro- 
logic  conditions  in  the  shortest  possible  timec  Such  operations 
will  be  confined  to  shallow  soil  areas  where  it  is  necessary  to 
build  up  soil  moisture  storage  capacities  by  increasing  the  depth 
of  the  humus  layer  and  the  amount  of  organic  matter  in  the  soil 
profile-0  ^ajidrwnaeigs  are  expected  to  carry  out  the  needed  opera- 
tions. 


Technical  service  and  information  in  the  field  of  utilizing 
and  marketing  forest  products  will  be  made  available  to  land  owners, 
logging  operators  and  processors.  This  type  of  assistance  will  en- 
courage land  owners  to  adopt  the  recommended  management  practices 
and  accomplish  the  objective  of  improving  watershed  conditions « 

Livestock  grazing  will  be  eliminated  on  presently  grazed 
forest  areas  and  the  area  to  be  converted  from  openland  to  forest 
will  be  protected  from  grazing.  Grazing  control  is  an  essential 
part  of  forest  management 0 The  program  provides  for  the  elimina- 
tion of  grazing  on  126,200  acres  of  present  forest  and  protection 
from  grazing  on  approximately  31,000  acres  of  openland  scheduled 
for  conversion  to  forest. 

Tree  and  Shrub  planting  - Land  use  adjustments  in  accordance 
with  need  and  capability  will  require  conversion  of  openland  to 
forest*  Approximately  32 s 600  acres  of  present  openland  will  be 
converted  to  forest  by  planting  during  the  installation  period. 

This  area  will  be  converted  to  forest  while  6,100  acres  of  present 
forests  are  converted  to  openland,  principally  for  pasture,  re- 
sulting in  a net  gain  of  26,500  acres  in  forest  land  area. 
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Shrubs  will  be  planted  on  5,800  acres*  The  planting  of  these 
shrubs  in  the  edges  between  forest  land  and  cultivated  fields  or 
pastures  will  provide  good  land  cover  in  the  partially  shaded  areas 
adjacent  to  forest  land  and  aid  in  the  reduction  of  surface  runoff. 

Public  Land  Acquisition  - Acquisition  of  land  by  state  and 
local  governments  is  recommended  only  for  land  that  is  vital  for 
watershed  protection  purposes.  These  areas  are  characteristically 
the  ridge  top  and  upper  slope  localities  which,  because  of  their 
location  and  past  use,  have  poor  forest  land  cover  and  contribute 
materially  to  flood  problems.  In  general,  these  areas  have  suf- 
fered from  repeated  heavy  cuttings  and  severe  fires?  Acquisition 

of  these  areas  will,  however,  be  undertaken  only  if  it  is  clear  that 

- ' ' / 

the  present  owners  will  not  carry  out  the  improvement  measures  neces- 
sary to  restore  the  land  to  good  watershed  condition.  It  is  expected 
that  land  will  be  purchased  by  state  or  local  governments  and  main- 
tained as  a part  of  existing  or  new  public  forests  and  preserves. 
Approximately  10,700  acres  will  be  purchased  as  part  of  existing 
state  and  local  parks  and  will  not  be  classed  as  commercial  forest 
land. 

Acquisition  of  private  land  is  recommended  only  in  the  States 
of  Maryland  and  Pennsylvania.  The  approximate  areal  extents  and  lo- 
cations are  as  follows:  Maryland  - the  areas  to  be  considered  con- 

sist of  approximately  10,000  acres  in  Garrett  County.  The  forest 
cover  consists  principally  of  young  and  inferior  oak  stands. 
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Forest  land  hydrologic  conditions  are  very  unsatisfactory  in  the 
areas  recommended  for  purchase?  Pennsylvania  - approximately  73,000 
acres  of  the  same  type  of  land  are  recommended  for  purchase,  largely 
in  Fayette,  Somerset  and  Westmoreland  Counties. 

Additional  Measures 

Stream  Channel  Improvement  - The  objectives  of  this  measure 
are  to  reduce  the  damages  resulting  from  inundation  of  valuable 
bottomland,  provide  outlets  for  drainage  “works,  and  furnish  flood 
protection  for  high-value  improvements,  such  as  highways,  railroads, 
bridges  and  farm  buildings.  To  accomplish  these  objectives  the 
capacity  of  stream  channels  will  be  increased  by  the  removal  of 
debris  and  sediment  deposits,  realignment,  and  bank  sloping  and 
the  necessary  adjacent  field  drains  planned  and  installed. 

Water  Retarding  Structures  - The  upstream  floodwater  retard- 
ing structures  reduce  inundation  damage  by  providing  temporary  stor- 
age for  runoff.  Drainage  areas  above  the  structures  average  less 
than  one  square  mile.  These  structures  will  be  earth  fill  dams 
through  which  a small,  low  elevation  outlet  conduit  uncontrolled 
by  gates  or  valves  will  be  constructed  to  draw  down  the  temporary 
storage.  A spillway  adapted  to  site  conditions  and  meeting  required 
design  criteria  will  be  used  to  provide  an  outlet  for  flood  flow  in 
excess  of  designed  storage  capacity. 
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APPENDIX  D#  PHYSICAL  EFFECT  OF  THE  PROGRAM 
Land  Treatment  Measures  and  Practices 

Reduction  in  Flood  Discharge 

General  - Flood  discharge,  most  particularly  peak  discharge, 
on  the  Youghiogheny  River  and  its  tributaries,  as  on  other  rivers, 
is  markedly  affected  by  the  type  of  land  use  and  treatment  to  which 
the  watershed  is  subjected.  Land  cover  conversions,  forest  land 
management,  and  openland  measures,  as  recommended  in  this  report, 
result  in  an  increase  in  the  rate  of  infiltration  and  total  amount 
infiltrated  into  the  ground.  The  decreased  surface  runoff  produces 
lower  peak  flows  and  reduces  the  damages  due  to  inundation# 

Forests  - Forests  influence  runoff  and  erosion  in  various 
ways  but  the  cumulative  effect  is  largely  reflected  in  the  condi- 
tion of  the  forest  floor*  Well  stocked,  thrifty  stands  normally 
have  a good  litter  layer  and  a deep  humus  of  porous  texture  which 
result  in  a higher  rate  of  water  intake  and  a greater  water  stor- 
age capacity*,  The  influence  of  good  forest  flooi*  conditions  is 
also  reflected  by  increased  percolation  rates  and  greater  storage 
capacity  in  the  underlying  soil  horizons#  Also,  the  amount  of 
concrete  soil  freezing  will  be  greatly  reduced  with  an  increase 
in  the  depth  and  quality  of  the  forest  floor#  This  reduction  in 
the  area  of  impermeable  frost  will  reduce  surface  runoff  and  in- 
crease the  storage  of  ground  water# 
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In  order  to  evaluate  the  effect  of  the  program  measures 
a determination  was  made  of  the  conditions  under  present  stands 
and  under  Vvrell  managed  stands,  such  as  would  be  obtained  with 
the  recommended  program*  On  selected  watersheds  sample  obser- 
vations were  made  to  determine  the  present  average  depth  and  con- 
dition of  humus  by  stand  size,  condition  class  and  past  use*  By 
past  use  is  meant  the  treatment  of  the  stands  in  regard  to  logging 
burning,  grazing  and  whether  or  not  the  land  had  previously  been 
cleared  for  agriculture. 

An  analysis  of  these  observations  indicates  that  heavy 
cutting,  burning  and  grazing  greatly  affect  the  depth  and  con- 
dition of  the  humus  layers*  Stands  under  these  conditions  have 
a shallow  and  compact  humus®  In  some  cases  the  humus  has  been 
completely  destroyed.  The  well  stocked  stands  which  show  no 
evidence  of  fire  or  grazing,  and  which  have  never  been  cleared 
for  agriculture  have  a more  porous  and  deeper  humus  and  litter. 

The  better  present  stands  which  are  available  for  evaluating 
the  recommended  program  do  not,  however,  represent  the  best  pos- 
sible conditions o 

For  purposes  of  hydrologic  analysis  the  forest  land  is 
divided  into  three  evaluation  classes  based  on  the  infiltration 
characteristics  of  the  forest  floor*  These  classes  are  as  follows 
Evaluation  Class  I - Forest  land  with  deep  humus  of  a 
highly  absorptive  type.  Forest  floor  undisturbed  and 
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Evaluation  Class  II  - Forest  land  with  moderately 
deep  humus  of  an  absorptive  type*  Forest  floor 
slightly  disturbed  but  fully  protecteds 
Evaluation  Class  III  - Forest  land  with  shallow 
humus,  disturbed  and  patchy,  or  deeper  humus  of 
a compact,  less  porous  type* 

Open land 

Infiltration  and  water  storage  on  openland  are  functions 
of  soil  type5  crop,  and  method  of  cultivation.  Sandy  soils  and 
ethers  with  a large  proportion  of  supra-capillary  pore  space 
are  better  able  to  take  up  the  rainfall  reaching  the  ground  than 
are  tight  clay  soils©  This  variation  is  accounted  for  in  the  soil 
classification  of  the  watershed© 

In  somewhat  similar  fashion,  the  type  of  crop  raised  on  a 
soil  determines  the  hydrologic  characteristics  of  a field.  Crops 
of  perennials  and  of  those  annuals  which  need  not  be  reseeded 
each  year  offer  the  most  desirable  condition  from  the  standpoint 
of  infiltration  and  water  storage,  while  at  the  other  extreme, 
are  the  row  crops  v/ith  arep.s  of  bare  soil  cultivated  during  the 
growth  of  the  crop©  The  effect  of  the  program  changes  affecting 
this  variable  is  illustrated  under  ^Evaluation  Class  Conversion”, 
which  also  accounts  for  present  openland  which  will  in  the  future 
become  forest  land  and  also  for  the  improvement  in  woodland  con- 
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The  third  large  variable  in  openland  hydrologic  condition 
is  determined  by  the  method  of  cultivation,  contour  planting,  and 
other  forms  of  ’’horizontal  agriculture”  offering  the  greatest 
opportunity  for  water  to  enter  and  remain  in  the  soil,  while 
greatest  loss  of  water  by  runoff  comes  from  up  and  down  hill 
cultivation  The  effect  on  this  third  variable  by  the  program 
is  accounted  for  under  ’’Effect  of  Contour  Measures  on  Detention 
Storage” • 

The  openland  hydrologic  evaluation  classes  were  estab- 
lished as  follows: 

Evaluation  Class  IV  - Hydrologic  conditions  such  as 
are  found  in  good  pasture 0 Highest  openland  infil- 
tration Includes  good  meadow  or  hay land. 

Evaluation  Class  V - Infiltration  and  soil  moisture 
transmission  values  of  an  intermediate  openland 
condition.  The  hydrologic  condition  found  with 
close  growing  crops  such  as  small  grains.  Poor 
pasture  and  poor  hay land  were  included  in  this 
class , 

Evaluation  Class  VI  - Poorest  cropland  hydrologic 
conditions.  Runoff  producing  infiltration  rates 
attributable  to  corn  and  other  row  crops. 

Other  Areas  - Not  all  of  the  watershed  is  properly  classi- 
fiable into  the  two  main  divisions,  forest  land  and  openland  as 
these  terms  are  used  here0  A small  percentage  of  the  watershed 
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area  is  given  over  to  roads  and  urban  development  and  a still 
smaller  amount  is  covered  by  water,  i.e.,  streams  and  lakes. 

Since  this  area  total  is  small,  much  divided,  highly  variable 
and  of  nearly  constant  size,  it  has  been  assigned  a runoff-infil- 
tration relation  value  in  lieu  of  a / curve  and  an  fc  value. 

Included  in  ’’Other  Areas”  are  roads,  urban  areas,  water 
surfaces,  and  other  small  areas  of  low  permeability. 

Areas  of  Evaluation  Classes 

The  present  and  future  forest  land  areas  in  each  condition 
class  are  shown  in  table  D-l.  The  future  Class  I forest  floor 
condition  with  the  recommended  program  in  effect  is  estimated  to 
be  the  same  as  that  found  in  present  well  stocked,  ungrazed  and 
unburned  stands  of  older  age  classes. 


Table  D-l.  Forest  Land  Evaluation  Classes 
Youghiogheny  River  Watershed 


C lass 

Present 

With  Recommended  Program 

Acres 

Percent 

Acres 

Percent 

1 

I 

147,800 

25 

425,100 

69 

II 

184,800 

31 

178,700 

29 

III 

256,100 

44 

15,700 

2 

Openland  evaluation  class  conversions  are  calculated  on  a 
total  watershed  area  basis.  Changes  for  the  sample  watershed  will 
be  found  by  comparing  the  columns  headed  ’’Area  under  ’’Present” 
and  ’’With  Recommended  Program”  in  table  D-50 
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Changes  in  land  use  between  various  evaluation  classes  will 
result  in  the  retirement  of  some  openland  to  forest  land,  and  the 
conversion  within  the  openland  to  the  classes  having  higher  in- 
filtration rates.  Increased  areas  in  evaluation  Class  IV  will  be 
derived  almost  entirely  from  areas  now  in  Classes  V and  VI*  The 
total  net  change  will  provide  an  improvement  in  hydrologic  con- 
ditions as  well  as  control  soil  erosion. 

Reduction  in  Peak  Discharge 

The  amount  of  reduction  in  peak  discharge*?  due  to  land  use 
conversions  and  additional  forest  land  and  openland  measures,  was 
calculated  from  watershed  data  on  climatic,  soil,  and  streamflow 
conditions*  The  individual  steps  followed  are  discussed  below: 

Infiltration  - Infiltration  data,  derived  largely  from  in- 
f'iltrometer  studies,  were  used  to  establish  infiltration  rates 
for  the  major  soil  and  cover  types  found  in  the  watersheds.  Each 
of  the  many  soil  types  was  assigned  to  one  of  three  soil  behavior 
groups  according  to  its  infiltration  characteristics  (table  D-2)« 
Applicable  infiltration  rates  were  assigned  to  each  of  the  six 
evaluation  classes  as  found  on  each  of  the  soil  groupso  An  ex- 
ample for  the  sample  watershed  is  shown  in  table  D-3* 

The  changes  in  infiltration  rate  during  a storm  were  found 
to  be  most  satisfactorily  accounted  for  by  the  use  of  a / curve 
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Table  D-2*  Soil  Groups  by  Depth  and  Drainage 
For  Hydrologic  Evaluation 
Youghiogheny  River  Watershed 


Soil  Depth 
& Drainage 

Soil 

Group 

Represent- 
ative Soil 

Representative  Soil 
Description 

Other  Soils 

Shallow, 
well 
dr  ained 

1 

DeKalb 

Grayish-yellow  to 
brownish-yellow  silt 
loam  surface  with 
yellow  subsoil*  Acid 
and  excessively  drained. 
Developed  on  shales  and 
sandstones  on  steeply 
rolling  to  hilly  topog- 
raphy. 

Gilpin, 

Calvin, 

Meigs 

Deep,  well 
dr  ained 

2 

Westmore- 

land 

Yellowish-brown  silt 
loam  with  silty  clay 
loam  subsoil*  Acid  to 
alkaline  and  well 
drained©  Developed 
on  shales,  sandstones,? 
and  limestones  on  gen- 
tly rolling  to  steeply 
rolling  topography. 

C lymer , 

Rayne, 

Upshur 

Imperfect- 
ly to 
poorly 
drained 

3 

Wharton 

Grayish-yellow  heavy 
silty  clay  loam  sur- 
face with  pale  yellow 
silty  clay  subsoil  * 
Subsoil  is  mottled  at 
depth  of  from  18  to 
30  inches.  Developed 
on  shales  and  sand- 
stones on  gently  roll- 
ing topography. 

Lickdale, 
C avode, 
Ernest , 
Philo, 
Atkins^ 
Linsdale 

D 


Table  D-3.  Infiltration  Rates 
Values  of  fc  in  inches  per  Hour  at  600  Minutes 
Casselman  River  Watershed,  Pennsylvania 
Ycughiogheny  River  Watershed 


Evaluation  Class 

Soil  Group 

1 

2 

3 

Class  I (Forest  Land) 

0 * 140 

0.105 

0.070 

Class  II  " ’* 

0*100 

0.075 

0.050 

Class  III  w " 

0,090 

0o070 

0.045 

Class  IV  (Openland) 

Oe  100 

0,075 

0.050 

Class  V ” 

0,090 

0.070 

0,045 

Class  VI  n 

0,080 

0*060 

0.040 
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for  each  evaluation  class  (figure  D-l)»  A </>  curve  differs  from  a 
curve  of  infiltration  rate  in  that  any  point  on  the  curve  repre- 
sents an  average  value  for  the  infiltration  that  has  taken  place 
from  the  beginning  of  precipitation  to  the  time  designated  by  that 
points  These  curves  of  necessity  represent  average  conditions  for 
the  evaluation  class  but  their  use  permits  a satisfactory  analysis 
of  the  runoff  producing  conditions  of  the  watershed.  The  </>  curves 
were  used  in  the  analysis  of  runoff  from  a series  of  storms  de- 
veloped for  each  area  considered® 

Land  Use  Changes  - The  procedure  used  in  determining  the 
amount  of  peak  flow  reduction  to  be  expected  from  land  use  changes 
and  other  program  measures  follows  a logical  series  of  steps  con- 
sisting of  statistical  and  graphical  analyses  applied  to  the  prin- 
cipal factors  affecting  flood  damages®  These  steps  are  described 
below. 

Sample  tributaries  for  determining  the  hydrologic  effect  of 
the  program  were  selected  to  best  represent  conditions  within  the 
watershed®  The  samples  are  the  watersheds  above  the  gaging  stations 
listed  as  follows: 

Laurel  Hill  Creek  at  Ursinaj;  Pennsylvania,  Big  Piney  Run  near 
Salisbury.,  Maryland,  and  Casselman  River  at  Markleton,  Pennsylvania. 

A series  of  flood  producing  storms  covering  the  range  from 
minimum  to  maximum  damage  was  composited  for  use  on  each  of  the 
sample  subwatersheds®  Published  and  unpublished  records  of  pre- 
cipitation amounts  and  intensities,  furnished  largely  by  the 
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U.  S»  Weather  Bureau,  were  used  in  determining  the  storm  values. 

The  procedure  followed  is  described  below  and  illustrated  in  figure 
D-2o 

Relationship  of  Discharge  (Q)  to  Runoff  (Y)  - For  each  of 
the  sample  watersheds  United  States  Geological  Survey  records  of 
stream  flow  were  utilized  to  determine  the  peak  discharge  and  sur- 
face runoff  for  all  important  floods  of  record.  For  determination 
of  the  latter  factor,  individual  flood  hydrographs  were  constructed 
on  which  were  plotted  curves  of  base  flow  assignable  to  ground  water 
accretions « The  area  between  the  two  curves  was  determined  and  its 
value  in  watershed  area  depth  w as  plotted  against  the  peak  discharge. 
The  curve  showing  the  average  relationship  between  peak  discharge 
(designated  Q)  in  second- feet  per  square  mile  and  runoff  (designated 
Y)  in  equivalent  depth  in  inches  over  the  watershed  was  drawn  from 
the  series  of  points  so  plotted.  See  figure  D-2a. 

Relationship  of  Precipitation  (p)  to  Runoff  (Y)  - Ur  S« 

Weather  Bureau  records  of  daily  and  hourly  amounts  of  precipitation 
were  used  to  determine  the  rainfall  contributing  to  the  peak  dis- 
charge, Rainfall  at  the  stations  in  and  immediately  adjacent  to 
the  watershed  was  weighted  by  the  Horton-Theissen  method  to  determine 
the  average  inches  depth  on  the  watershed  contributing  to  the  flood 
crests  Precipitation  so  determined  (designated  p)  was  plotted  against 
the  corresponding  runoff  (Y)  in  the  same  unit  of  measure.  See  figure 
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Relationship  of  Pe/p  to  i/l  max  - This  relationship  was  de- 
termined from  5-minute  intensity  data  of  44  storms  at  Binghamton, 
New  York,  and  81  storms  at  Stc  Louis,  Missouri,  in  the  following 
manner:  The  actual  5-minute  intensities  for  each  storm  were  ar- 

ranged in  descending  order  of  magnitude0  For  every  storm  each  in- 
dividual 5-minute  intensity  (i)  was  divided  by  the  storm’s  maximum 
5-minute  intensity  (I  max),  and  the  corresponding  Pe  values  (quan- 
tity of  rainfall  falling  at  or  above  the  corresponding  intensity) 
were  each  divided  by  the  total  storm  rainfall  (p),  thus  providing 
two  sets  of  ratio  values  that  were  plotted  i/l  max  against  Pe/p. 

A curve 0 for  each  station,  indicating  the  average  relationship  was  - 
drawn  resulting  in  two  curves  on  a dimensionless  diagram.  The  gra- 
phic mean  of  these  two  curves  was  taken  as  the  normal  I/I  max-  Pe/P 
relationship  for  the  watershed.  The  slope  of  this  curve  (N)was  de* 
termined  from  its  tangent  at  several  representative  points  and  is 
expressed  in  units  of  abscissa,  over  ordinate.  See  figure  D-2c, 

The  above  relationships  provided  the  basis  for  development  of 
a series  of  project  storms  correlating  discharge,  precipitation, 
runoff  and  maximum  intensity®  Maximum  intensity  for  each  of  the 
project  storms  was  determined  by  an  analysis  of  the  experienced 
rainfall  rates  found  during  many  historical  storms.  For  each  of 
the  project  storms  a Pe  curve  and  a storm  intensity  diagram  were 
computed  as  shown  in  table  D-4  and  plotted,  figure  D-3®  The  Pe 
curve  shows  at  each  point  the  total  amount  of  rain  falling  at  a 
rate  equal  to  or  greater  than  the  indicated  intensity,  a quantity 
sometimes  called  ^excess  precipitation” . The  time  on  the  storm 
pattern  shows  for  any  intensity  the  length  of  time  for  which  an 
equal  or  greater  rainfall  rate  prevailed  during  the  storm.  These 
time  values  are  designated  by  the  symbol  Te  (duration  of  time  of 
exces  s ) o 
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Storm  No.  3 for  Casselman  River  Watershed  produces  a peak 
discharge  of  20,000  second-feet  (or  52*4  second-feet  per  square 
mile)  as  shown  in  table  D-3.  Based  on  this  peak  discharge,  the 
corresponding  values  of  Y,  P,  and  I max  were  determined  from  the 
above -described  relationships*  From  the  average  discharge-runoff 
relationship  a peak  discharge  of  20,000  second-feet  accompanies 
2. S3  inches  of  runoff;  from  the  P-Y  curve,  2.93  inches  of  runoff 
is  derived  from  4*51  inches  of  rainfall;  an  analysis  of  historical 
storms  shows  that  4.51  inches  of  rainfall  have  a maximum  intensity 
of  6ol9  inches  per  hour*  From  the  i/l  max-Pe/P  curve,  the  values 
Pe/P  (table  D-4)  were  taken  to  correspond  with  each  of  the  selected 
values  of  i/l  max0  Both  table  D-4  and  figure  D-3  show  that  the 
total  rainfall  of  4*51  inches  fell  during  a period  of  329  minutes* 
The  Pe  and  Te  diagrams,  in  conjunction  with  the  (/>  curves 
for  the  several  evaluation  classes  make  possible  the  evaluation  of 
the  recommended  land  conversion  phase  of  the  program*  To  obtain 
the  Pe  value  for  each  evaluation  class  and  soil  group,  the  / curve 
was  superimposed  upon  the  storm  pattern  so  that  the  base  lines  co- 
incided and  the  zero  time  line  of  the  0 curve  was  positioned  on 
such  a time  line  that  computed  runoff  agreed  with  measured*  The 
Pe  values  for  a given  evaluation  class  were  found  on  the  Pe  scale 
horizontally  opposite  to  the  point  of  intersection  of  the  $ curve 
and  Te  curve 0 Multiplying  this  Pe  value  by  the  percent  of  the  trib- 
utary area  in  that  evaluation  class  (table  D-5)  gave  a runoff  value 
for  that  class o The  summation  of  these  values  for  all  the  classes 


Table  D-5o  Runoff  Reduction  Determination 


Evaluation  Class  Conversion 
Youghiogheny  River  Watershed 


Casseiman  River  Watershed  at  Markle ton*  Pa.  Do  A.  382  Sq.  Mi. 

Storm.  Nor.  3 P : 4«51  in„  Y = 2093  in. 


Coincidence  at  105  min.  Qp  3 20*000  sec. -ft* 


j 

Soil 

Group 

1 

Evaluation 

Class 

i 

Present  Conditions 

r— 

\ 

R 

e commended 

Program 

Area  % 

\ 

Pe 

% Int 

Change 

in 

Area  % 

Change 
in 
% In. 

1 

! 

I 

3 & 38  i 

2c03 

6.86 

7 * 64 

15c51 

II 

4,18  | 

2.41 

10.07 

Oe  55 

1.33 

III 

5«94 

2.77 

16.45 

( 

- ) 

5.94 

(- 

16.45 

j 

IV 

9,95 

3.00 

29*85 

2*93 

3c79 

V 

11*61 

3,45 

40«05 

( 

/ 

40  61 

15,90 

VI 

4o42 

3®  68 

16®27 i ( 

J 

-) 

Go  57 

(- 

2,10 

2 

I 

9.09 

2,13 

19.36 

16*52 

35. 19 

II 

11.26 

2,50 

28,15 

( 

\ 

\ 

0.50 

(-)  1.25 

III 

15.99 

2086 

45*73 

( 

\ 

— J 

15.21 

(- 

) 43.50 

IV 

0o  18 

3.07 

0,55 

0,39 

1.20 

V 

1,75 

3 e 52 

6»  16 

( 

-) 

1.20 

(- 

4,22 

VI 

- 

- 

«» 

- 

- 

3 

I 

lo73 

2n22 

3.84 

0 0 7 4 

8.30 

II 

2.15 

2c59 

5,57 

0.06 

0.16 

III 

3o04 

2,99 

9e09 

( 

\ 

2 R 60 

(-)  7.77 

rv 

4.47 

3d4 

14  0 O'i 

lo75 

5*50 

V 

5027 

3.62 

19*03 

J 

J 

2,33 

(-)  10,24 

VI 

lc!9 

3o81 

4 <3  53  j ( 

/ 

0.12 

(- 

0,46 

Other 

4.40 

3o83 

16c  85 

0.0 

0.0 

TOTALS 

I 

L 

lOOoO 

\ 

292.50 

(-)  25.91 

\ 


Table  D-5.  (Cont. ) Runoff  Reduction  Determination  - 


Effect  of  changes  in  evaluation  classes  - 25*91  z 8*86  % reduction 

292.50 


Effect  of  increased  humus  on  detention  storage: 


Eva  ltiation 

Average  Inches 

% Area 

% Area 

Depth-??  Area 
Change 

C lass 

Humus  Depth 

Present  1 

. _ . 

Program 

Change 

I 

2*95 

14.20 

42d0 

+ 27.90 

+ 82.31 

II 

1*95 

17.59 

17.70 

+ 0.11 

+ 0.21 

III 

0o  79 

24*97 

1c  22 

-23.75 

-18.76 

TOTAL 

63.76 

Total  Depth-/?  Area  Increase  s 63o76  x *05”  (detention  storage  of 


increased  humus)  r 3 ©19  % inches 0 

Effect  of  contour  measures  on  detention  storage: 

16079;?  area  x .05”  = 0.84??  inches 


Summary: 

Present  condition  of  runoff 

Storage 

Runoff 

(%  inches) 

(%  inches) 
292.50 

Effect  of  changes  in  evaluation 

classes 

25.91 

266*59 

Effect  of  increased  forest  land 
on  detention  storage 

hunu  s 

3.19 

263.40 

Effect  of  contour  measures  on 

detention  storage 

o 

c 

GO 

262.56 

Total  effect  of  recommended  land 
2920 50  - 262*56 

treatment  program: 

= 10o24%  Reduction 

of  Runoff 

in  Volume 

292.50 
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degree  of  erosion  control  attained  will  depend  on  such  factors  as 
type  of  soil*  kind  of  agriculture,  and  nature  of  topography.  For 
some  fields  the  erosion  rate  can  be  reduced  by  95  percent,  while 
for  others  60  percent  may  be  the  maximum  reduction  attainable. 

The  ©mount  of  sediment  produced  will  be  decreased  as  a re- 
sult of  retirement  of  steep  cropland  to  forest  land  or  pasture,  im- 
proved rotations,  and  the  installation  of  erosion  control  practices 
and  measures 9 

Sediment  damage  to  highways  resulting  from  openland  erosion 
will  be  subject  to  an  estimated  70  percent  reduction*  Sources  of 
such  damage  material  are  usually  local  and  the  remedy  for  a par- 
ticular damage  point  frequently  involves  but  one  or,  at  the  most, 
a few  farms. 

Additional  Measures 

Stream  Channel  Improvement  - This  measure  provides  for  the 
excavation  and  realignment  of  stream  channels  to  increase  their 
capacity  and  reduce  the  frequency  of  out-of-bank  flows  All  channels 
on  which  improvement  work  will  be  dene  are  calculated  to  carry  an 
annual  flood  flow  and  to  reduce  the  stage  of  floods  of  less  frequent 
occurrence* 

Laurel  Hill  Creek  was  used  as  a sample  in  determining  the 
costs  and  benefits  as  well  as  the  quantity  needed  of  this  type  of 
work  in  the  watershed.  The  estimated  cost  of  stream  channel  im- 
provement on  this  sample  tributary  is  $281,346,  of  which  $213,406 
is  public  and  $67,940  private. 


' f 


» - * ■'  * ■ » . • - * 
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Using  interest  rates  of  2ik  and  4 percent  respectively  for  public 
and  private  expenditures*  the  annual  equivalent  of  the  installation 
cost  is  $8,053©  The  annual  maintenance  and  operation  cost  is  esti- 
mated to  be  $7,034,  which  gives  a total  annual  cost  of  $15,087,  By 
using  the  method  described  in  Appendix  F the  annual  benefit  re- 
sulting from  the  stream  channel  work  on  Laurel  Hill  Creek  will  be 
$22, 644 e 


The  benefit-cost  ratio  of  this  stream  channel  improvement 
work  is  approximately  1.5s 1© 

Water  Retarding  Structures  - To  determine  the  physical  ef- 
fect of  the  structures  tentatively  selected  for  inclusion  in  the 
recommended  program  (see  Appendix  C , Needs  of  the  Water  shed) , a 
field  study  of  the  sites  was  necessary.  From  this  study  the  type 
of  structure,  height,  earth  fill  and  storage  capacity  were  esti- 
mated and,  by  applying  unit  costs,  an  estimate  of  the  installation 
cost  of  the  structure  was  made©  Using  the  formula: 


\ . 

^Uncontrolled  Drainage  Area  ^ ^ x Estimated  Discharge  = Modified  Discharge 
\ Total  Drainage  Area  J 

it  was  possible  to  estimate  the  reduction  in  discharge  to  be  expected 
at  any  damage  reach  below  the  structure*  ’’Total  Drainage  Area”,  in 
the  formula,  is  the  drainage  area  above  the  damage  reach,  while  ’’Un- 
controlled Drainage  Area”  is  that  part  of  the  total  drainage  area 
below  the  structure©  ’’Estimated  Discharge”,  in  the  formula,  is  the 
flow  to  be  expected  with  recommended  land  treatment  practices  in- 
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An  example  of  the  effect  of  this  type  of  measure  is  illus- 
trated by  a particular  damage  point  that  was  studied  at  Oakland, 
Maryland.  A water  retarding  structure  was  planned  for  Cherry  Glade 
Run,  locally  known  as  Wilson  Run,  a small  tributary  at  Oakland. 
Total  drainage  area  above  Oakland  is  2.4  square  miles,  while  the 
area  above  the  structure  is  0.88  square  miles.  Application  of  the 
above  formula  gives  a 14  percent  reduction  in  peak  discharge  and 
the  use  of  methods  shown  in  Appendix  F an  annual  benefit  of  $2,677. 
The  estimated  total  installation  cost  of  the  structure  amounts  to 
$24,995,  of  which  $22,120  is  federal,  $2,500  other  public,  and 
$375  privates  Expressed  in  annual  terms,  using  2-|-  percent  interest 
rate  for  public  and  4 percent  for  private,  the  annual  cost  of  the 
installation  is  $631.  The  annual  maintenance  and  operation  cost 
is  estimated  to  be  $250,  making  a total  annual  cost  of  $881. 


The  benefit-cost  ratio  of  this  structure  is  3.04  to  1. 


, ...•  1. 
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APPENDIX  E.  COST  OF  THE  RECOMMENDED  PROGRAM 


Costs  of  the  recommended  program  account  for  all  expenditures 
required  to  install,  maintain  or  operate  the  remedial  measures*  Ma- 
terials  and  equipment  supplied  by  the  landowners  or  operators  and  un- 
paid family  labor  are  included  as  program  costs*.  Costs  of  operating 
farmer-owned  equipment  were  considered  as  the  costs  involved  for  the 
additional  use  of  the  equipment*.  Maintenance  and  operation  of  the 
measures  are  computed  in  terms  of  annual  costs0 


Costs  of  specific  measures  were  determined  by  applying  unit 
costs  of  the  measures  to  the  number  of  units  to  be  installed  in  the 


of  1S49  prices  of  labor,  equipment  and  materials  to  the  average  quan- 
tity and  types  of  labor,  equipment  and  materials  required*  The  costs 
of  the  individual  items  from  which  practice  costs  we  re  computed  are 
shown  in  table  E-lo  Soil  Conservation  Service  and  Forest  Service 
records  of  operations  were  used  in  determining  quantities  and  types 
required*  Supplementary  data  were  obtained  from  other  Federal,  state, 
and  local  agencies  * 


tion  supplied  by  the  Extension  Service  in  the  states  in  the  watershed* 


cost  of  educational  assistance  and  technical  services*  These  costs 
were  computed  separately  and  then  combined  with  costs  of  labor,  equip- 


L-and  Treatment  Measures  and  Practices 


Educational  costs  are  based  on  an  estimate  made  from  informs 


The  installation  costs  of  the  recommended  measures  include  the 


ncnt  and  materials  for  the  individual  measures^ 
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Table  E-l«  Basic  Cost  Used  in  Computing  Practice  Costs 
Youghiogheny  River  Watershed 


Item 

Unit 

Cost  Per  Unit 

(dollars ) 

Farm  Labor 

Hour 

0o  80 

Farm  Tractor 

Hour 

Of.  65 

Farm  Truck 

Hour 

0<i  oO 

45  He P*  Tractor  and  Operator 

Hour 

8,50 

Motorized  Grader  and  Operator 

Hour 

80 10 

Fertilizer  (Multiflora  Rose) 

lOOjf 

2C  50 

Fertilizer  (Other  Practices) 

100# 

2o00 

. 

Lime 

Ton 

7C.  00 

Ryegrass  Seed 

Pound 

0- 165 

Grass  Seed  (Average  of  Several  Varieties) 

Pound 

0,  50 

Fence  Posts 

Each 

Or,  50 

Barbed  Wire 

Rod 

0.10 

Multi  flora  Rose 

1000 

Plants 

8 c 00 

Shrubs  (Wildlife  Borders) 

1000 

Plants 

! 

8,00 

Concrete  (Formed) 

Cu.,Yd, 

60,00 

i i 
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The  total  installation  cost  of  the  land  treatment  measures 
and  practices  is  approximately  $10,357*OOQ&  Of  this  cost  the  Fed- 
eral Government  will  hear  approximately  13*2  percent  for  technical 
services;  2*8  percent  for  administration  of  direct  aids;  1*1  per- 
cent for  educational  assistance;  and  28*5  percent  for  direct  aids, 
special  equipment  and  materials  **•«**««#••*•*«  non- federal  pub- 
lic agencies  are  expected  to  bear  approximately  6*3  percent  for 
technical  services;  1*1  percent  for  educational  assistance;  and 
1108  percent  for  labor,  materials,  and  equipment  for  installation 
of  the  land  treatment  program  on  state-owned  land  99  -******«**?•«* 
private  interests  are  expected  to  bear  approximately  35*2  percent 
for  installation  of  the  land  treatment  program  on  privately-owned 
land* 

The  installation  costs  of  the  measures  and  practices  will 
be  borne  by  the  Federal  Government,  non-federal  public  agencies, 
and  private  landowners  and  operators,  as  shown  in  table  E«20 

The  Federal  Government  will  pay  one-half  of  the  cost  of 
technical  services  needed  to  carry  out  the  recommended  forest 
land  program*  The  state  and  other  local  public  agencies  will  pay 
the  balance*  In  addition,  the  Federal  Government  will  pay  all  of 
the  additional  cost  required  to  stabilize  and  improve  drainage 
conditions  on  logging  roads  and  skid  trails  on  private  land,  77 
percent  of  the  cost  of  cultural  operations  on  farm  forest  land, 

75  percent  of  the  cost  of  fencing  farm  woodlands  against  livestock, 
and  50  percent  of  the  cost  of  planting  trees0  The  large  Federal 
contribution  for  these  activities  is  justified  since  they  are 


* 


. 
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installed  primarily  for  the  improvement  of  hydrologic  conditions 
and  the  reasonably  early  benefits  will  be  of  a public  nature# 
Frivate  benefits  in  the  form  of  cash  for  increased  timber  produc- 
tion will  not  accrue  for  many  years# 

State  and  other  public  agencies  will  pay  all  the  costs  of 
installing  the  above  practices  on  all  state  and  other  public  lands 
and  will  contribute  about  25  percent  of  the  cost  of  tree  planting 
on  private  land# 

Private  interests  will  pay  all  the  costs  of  cultural  opera- 
tions except  technical  services  on  private  forest  land  not  in  farm 
ownership#  Farmers  will  pay  25  percent  of  the  cost  of  fencing 
farm  forests  and  25  percent  of  the  cost  of  planting  forest  trees# 
Maintenance  and  operation  costs  of  the  land  treatment  meas- 
ures and  practices  were  computed  by  applying  unit  costs  of  mainte- 
nance and  operation  to  the  quantities  of  the  measures  to  be  in- 
stalled# The  unit  costs  were  developed  in  a manner  similar  to  that 
used  for  installation  costs3  The  maintenance  and  operation  cost 
reflects  the  additional  cost  of  farm  operations*. 

Of  the  $846,100  cost  of  annual  maintenance  and  operation  of 
the  land  treatment  measures  and  practices,  it  is  expected  that 
$737,500  or  its  equivalent  will  be  expended  by  private  landowners 
and  operators#  The  Federal  Government  will  bear  $50,100  and  other 
public  agencies  are  expected  to  bear  the  remaining  $58,500#  A 
further  breakdown  of  annual  maintenance  costs  is  shown  in  table 
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The  total  cost  of  public  acquisition  of  approximately  83,000 
acres  of  land,  based  on  an  estimated  average  cost  of  $9©  80  per  acre 
is  $813,400©  The  cost  of  installing  and  maintaining  v/oodland  im- 
provement and  management  measures  on  this  land  is  included  in  table 
E~2  © 

It  is  expected  that  federal  and  non-federal  public  interests 
will  bear  the  cost  of  acquisition,  and  the  cost  of  necessary  im- 
provement and  management  measures© 

Additional  Measures 
Stream  Channel  Improvement 

Estimated  installation  costs  of  approximately  30  miles  of 
stream  charnel  improvement  with  the  necessary  lateral  drainage,  for 
preventio n of  damages  associated  with  overflow  and  sedimentation 
are  as  follows  ■> 


Table  E-30  Cost  of  Stream  Channel  Improvement 
Youghiogheny  River  Watershed 


1 

Item 

_ , . j Hon- Federal  Cost 

Federal  

Total 

Cost  : Public 

Private 

Cost 

| (dollars ) 

(dollars)  1 

(dollars ) 

(dollars ) 

Construction  Costs 

502,000 

153,000 

655,000 

Easements  and  Rights- 
of -Way,  etc© 

- 

18,000 

18,000 

Engineering,  Super- 
vision, etc© 

. 

68,000 

" 

- 

68,000 

Contingency 

53,000 

18,000 

71,000 

TOTAL 

623,000 

189,000 



812,000 
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The  estimated  average  annual  maintenance  and  operation  cost 
of  this  measure  is  $20,300;>  It  is  expected  that  this  will  he  borne 
by  local  interests  and  will  be  administered  by  a local  agency  or 
agencies  acceptable  to  the  Secretary  of  Agriculture*  Included  in 
the  maintenance  costs  is  the  cost  of  the  necessary  inspections* 

The  life  expectancy  of  the  features  has  been  calculated,  and  an 
amount  is  included  for  the  reconstruction  of  individual  items  as 
they  will  become  inadequate e 
Water  Retarding  Structures 

Estimated  installation  costs  of  7 -water  retarding  structures 
are  as  follows: 


Table  E~4e  Cost  of  Water  Retarding  Structures 
Youghiogheny  River  Watershed 


Item 

Federal 

Cost 

Non-Federal  Cost 

Total 

Cost 

Public 

Private 

(dollars ) 

■ 

(dollars ) 

(dollars ) 

(dollars ) 

Construction  Costs 

124,000 

- 

■ 

124,000 

Easements  and  Rights- 

of -Way,  etc® 

- 

10,000 

2,000 

12,000 

Engine ering,  Super- 

vision,  etc* 

14,000 

14,000 

Contingency 

20,000 

aca 

20,000 

TOTAL 

158,000 

10,000 

2,000 

170,000 

To  determine  maintenance  costs  on  the  small  structures,  it 
was  estimated  that  the  probable  chance  of  failure  would  be  1 percent 
in  any  one  year  (design  frequency  100  years);?  therefore*  1 percent 
of  the  construction  cost  is  included  in  the  annual  maintenance  cost 
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for  this  item*  In  addition,  normal  maintenance  costs  have  been  in- 
cluded for  such  items  as  mowing,  site  maintenance,  and  minor  re- 
pairs* The  average  annual  maintenance  cost  is  estimated  to  be 
$1  ,.800*  It  is  expected  that  state  or  local  governments  will  bear 
all  of  this  annual  maintenance©  It  is  also  expected  that  the  total 
amount  will  be  administered  by  a local  agency  or  agencies  acceptable 
to  the  Secretary  of  Agriculture^ 
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APPENDIX  F.  BENEFITS  OF  THE  RECOMMENDED  PROGRAM 


The  primary  effects  of  the  recommended  program  toward  re- 
ducing flood  damage,  sediment  damage,  and  erosion  damage  were 
evaluated  separately  in  monetary  terms*  Other  benefits,  mone- 
tarily evaluated,  were  increases  in  income  and  decreases  in  cost 
to  landowners  and  operators  due  to  the  recommended  changes  in 
land  management© 

It  is  expected  that  the  recommended  program  when  fully  ef- 
fective* will  reduce  present  flood  damages  approximately  28  per- 
cent within  the  watershed  and  5 percent  below  the  watershed* 
Present  sediment  damages  will  be  reduced  approximately  55  percent* 
Other  benefits  due  to  decreasing  the  hazards  of  floods  and  sedi- 
mentation, but  not  expressed  in  monetary  terms,  are  savings  in 
lives  and  mental  distress,  increase  in  property  values,  decrease' 
in  loss  of  fish  and  wildlife,  increased  low  waterflow  of  streams 
resulting  in  pollution  abatement,  fewer  interruptions  in  community 
functions,  and  others  of  more  or  less  intangible  nature* 

Changes  in  land  use  and  management,  as  recommended,  will 
increase  cropland  and  forest  land  production*  They  will  also 
substantially  control  erosion  which,  in  turn,  will  maintain  pres- 
ent rates  of  production  and/or  decrease  costs  of  production.  These 
benefits,  to  the  extent  that  they  accrue  to  the  landowners  and 
operators,  have  been  evaluated  in  monetary  terms*  From  these  pri- 
vate benefits,  however,  the  public  will  gain  by  way  of  maintenance 
of  natural  resources  and  public  revenues,  a constant  supply  of 
crop  and  forest  land  products,  improved  recreational  facilities, 
and  increases  in  wildlife  throughout  the  watershed* 
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The  computation  of  benefits  to  be  derived  from  the  recom- 
mended openland  treatment  measures  are  based  upon  total  needs  of 
the  watershed,  which  includes  the  estimated  quantities  of  meas- 
ures to  be  installed  through  going  programs#  Benefits  of  the  to- 
tal watershed  needs  of  openland  measures  were  evaluated  and  a 
portion  of  this  benefit  was  allocated  to  the  ’’recommended”  meas- 
ures© This  procedure  was  used  because  of  the  difficulty  in  sep- 
arating the  effects  of  the  ’’going”  and  ’’recommended”  programs  on 
land  use  adjustments# 

Benefits  of  the  recommended  forest  land  measures  were  com- 
puted directly  since  the  effects  of  the  recommended  program  on 
runoff  and  forest  land  production  could  be  calculated  separately 
from  the  similar  effects  of  the  ’’going”  program* 

Reduction  in  Flood  Damage 

Benefits  resulting  from  reductions  in  flood  damages  were 
derived  separately  for  each  stream  where  damages  were  evaluated* 

A summary  of  average  annual  flood  damages  and  flood  benefits  is 
shewn  in  table  F-l#  The  benefit  is  equivalent  to  the  difference 
in  average  annual  damage  sustained  under  present  watershed  con- 
ditions and  the  average  annual  damages  to  be  expected  with  con- 
ditions prevailing  under  the  recommended  program©  The  benefits 
of  the  recommended  land  treatment  measures  and  of  the  ’’additional 
measures”  were  computed  separately©  Benefits  of  the  latter  group 
were  computed  as  the  additional  reduction  in  flood  damages  after 
applying  the  land  treatment  measures©  The  evaluated  damages 
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shown  do  not  include  those  which  are  expected  to  be  controlled  by 
existing  projects  or  projects  under  construction  by  the  Department 
of  the  Army,  Corps  of  Engineers*  The  methods  used  for  deriving 
flood  damage  reductions  differed  slightly  among  tributaries  of  the 
Youghiogheny  River,  main  stem  of  the  Youghiogheny  River,  and  below 
the  watershed*  The  methods  are  indicated  as  follows: 

Casselman  River  - Damage  frequency  relations,  representing 
present  watershed  conditions  and  conditions  with  the  total  land 
treatment  program,  are  shown  by  two  graphs  in  figure  F-1*  The 
upper  graph  shows  the  damage  frequency  relations  representing 
present  watershed  conditions,  while  the  graph  immediately  below 
it  shows  this  relationship  for  conditions  prevailing  with  total 
land  treatment?  These  graphs,  indicating  damage-fr equency  rela- 
tions, were  developed  by  means  of  substituting  flood  damage  for 
discharge  in  the  graphs  of  discharge-frequency  relations,  shown 
in  figure  F-2*  The  method  of  deriving  the  latter  graphs  is  illus- 
trated in  Appendix  Do 

The  benefits  are  computed  from  the  graphs  in  figure  F-lo 
The  present  average  annual  damages  are  $9,500  and  with  the  land 
treatment  measures  $6,900*  Hence,  the  benefit  of  the  total  land 
treatment  measures  is  $29600«, 

The  amount  of  this  total  benefit  attributable  to  the  recom- 
mended program  was  estimated  by  a consideration  of  the  watershed 
requirements  of  runoff  control  practices,  their  relative  effec- 
tiveness, and  the  quantities  of  such  practices  included  in  the 
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re commended  program.  It  was  estimated  that  80  percent  of  the  flood 
control  benefit  of  the  openland  measures  should  be  credited  to  the 
recommended  program*  Approximately  35  percent  of  the  total  bene- 
fit  is  due  to  openland  measures*  Thus  the  amount  of  flood  damage 
reductions  attributable  to  the  recommended  program  is  $2,400, 

Youghiogheny  River  - No  significant  damage  occurs  on  the 
main  stem  of  the  Youghiogheny  River  above  the  flood  control  reser- 
voir at  Confluence*  The  average  annual  damage  on  the  Youghiogheny 
River  main  stem  below  the  reservoir  is  $20,400  after  considering 
the  effects  of  the  flood  control  reservoir  on  flood  stage*  To 
determine  the  influence  of  the  land  treatment  program  on  this  dam- 
age, the  following  data  were  used? 

18  Discharge  - stage  relations  at  Connellsville. 

2,  Stage  - damage  relations  at  Connellsville* 

3*  Stages  of  flood  occurrences  at  Connellsville  between 
1895  and  1946  inclusive* 

4C  Calculated  effect  of  flood  control  reservoir  on  stages 
of  flood  occurrences  at  Connellsville  between  1895  and 
1946  inclusive0 

5*  Flood  stage  at  Connellsville  modified  by  land  treat- 
ment measures* 

Flood  damages  were  computed  for  the  modified  stages  and  the 
average  annual  damage  was  calculated 0 The  effect  of  the  total 
land  treatment  program  was  to  reduce  average  annual  damage  from 
$20,400  to  $15,100,  or  an  annual  benefit  of  $5;300.  Using  the 
procedure  as  indicated  for  the  Casselman  River,  $4,900  of  this 
benefit  is  attributable  to  the  recommended  program* 
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Damage  Zones  Below  the  Watershed  Affected,  by  Discharge  from 
the  Youghiogheny  River  - Downstream  benefits,  resulting  from  the 
recommended  program  in  the  watershed,  were  determined  within  the 
Department  of  the  Army,  Corps  of  Engineers  damage  districts  of 
McKeesport,  Pennsylvania,  Pittsburgh,  Pennsylvania,  and  Wheeling, 

West  Virginia,  The  effect  of  the  Youghiogheny  River  flood  control 
reservoir  on  peak  discharge  of  the  March  1936  flood,  had  it  been  con- 
structed, as  developed  from  data  furnished  by  the  Corps  of  Engineers 
indicates  that  the  peak  discharge  of  the  March  1936  flood  at  Suters- 
ville,  Pennsylvania,  on  the  Youghiogheny  River  near  its  mouth  would 
have  been  reduced  by  21,380  cubic  feet  per  second,  at  Pittsburgh 
16,200  cubic  feet  per  second,  and  at  Wheeling  11,950  cubic  feet  per 
second. 

By  use  of  methods  explained  in  appendix  D it  was  determined 
that  the  land  treatment  program,  had  it  been  installed,  would  have 
reduced  the  peak  discharge  of  the  March  1936  flood  at  Sutersville  by 
7,100  cubic  feet  per  second*  This  reduction  at  Sutersville  is  equi- 
valent to  33«2  percent  of  that  afforded  by  the  flood  control  reservoir# 
Thus  the  land  treatment  program  would  have  reduced  the  peak  discharge 
of  the  March  1936  flood  at  Pittsburgh  by  33,2  percent  of  16,200,  or 
5,378  cubic  feet  per  second,  and  similarly  3,967  cubic  feet  per 
second  at  Wheeling# 

Other  information  obtained  from  Department  of  the  Army,  Corps 
of  Engineers,  indicates  the  following: 

1#  Effect  of  constructed  flood  control  reservoirs  and 
those  under  construction  on  peak  flood  stages  at 
Pittsburgh  and  Wheeling# 
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2#  Relation  of  stage  to  discharge  at  Pittsburgh  and 
Wheeling# 

3S  Stage-damage  relationships  at  McKeesport,  Pittsburgh, 
and  Whee ling# 

By  use  of  the  above  data,  the  reductions  in  peak  discharge 
of  the  March  1S36  flood  at  Pittsburgh  and  Wheeling,  afforded  by 
the  land  treatment  program,  were  converted  to  stage  reductions  at 
the  flood  stage  prevailing  after  the  effectiveness  of  the  reservoir 
program  is  considered#  The  effects  of  the  recommended  program  on 
varying  flood  stages  were  computed  in  conformity  with  the  relation- 
ships developed  by  the  Corps  of  Engineers* 

Flood  benefits  in  the  respective  damage  districts  were  com- 
puted as  the  difference  in  average  annual  damages  prevailing  under 
conditions  with  the  Corps  of  Engineers  reservoir  program,  and  aver- 
age annual  damages  existing  after  the  land  treatment  program  becomes 
effective*  Benefits  in  the  McKeesport  district  were  computed  based 
on  stages  at  Pittsburgh,  inasmuch  as  the  damages  in  the  McKeesport 
district  were  related  to  stage  at  Pittsburgh* 

Land  Enhancement 

In  many  low  gradient  streams,  where  frequent  flooding  and 
sedimentation  occurs,  the  bottomland  is  used  less  intensively  than 
its  capability  would  otherwise  permit#  The  flood  damage  in  these 
areas  is  relatively  low  because  of  the  present  limited  use  of  the 
land#  However,  benefits  would  be  considerable  if  the  frequent 
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flooding  and  sedimentation  were  prevented.  This  situation  is  most 
extensive  in  the  upper  reaches  of  Coxes  and  Laurel  Hill  Creeks. 
Extent  of  damage,  methods  of  control*  costs*  and  benefits  were 
studied  in  these  areas.  Benefits  due  to  the  enhancement  of  the 
agricultural  land  by  way  of  channel  improvement,  prevention  of 
frequent  inundation*  and  reduction  of  sedimentation  were  determined 
as  the  difference  in  the  net  value  of  crop  and  pasture  production 
under  present  conditions,  and  under  conditions  prevailing  with  the 
corrective  measures  installed.  Based  on  the  investigations  made 
on  Coxes  and  Laurel  Hill  Creeks,  the  estimated  annual  land  enhance- 
ment benefit  in  the  Youghiogheny  River  Watershed  is  $64,200  on 
approximately  3,800  acreso 

The  method  used  in  computing  the  annual  value  of  land  en- 
hancement is  illustrated  by  the  data  presented  in  table  F-2,  Costs 
of  crop  production  were  estimated  to  include  such  items  as  seed, 
fertilizer,  land  preparation,  cultivation,  harvest,  and  all  labor. 
Costs  of  land  clearing,  farm  ditching,  etc.,  were  included  as  pro- 
ject costs®  No  reductions  in  flood  damage  to  growing  crops  in 
this  area  were  claimed.  In  estimating  crop  yields  for  both  present 
and  future  conditions,  the  probable  extent  of  flood  damage  was 
considered. 


Reduction  in  Sediment  Damage 

Reduction  of  Maintenance  Costs  of  Highways  - The  land  treat- 
ment measures  will  substantially  reduce  highway  maintenance  costs 
caused  by  sedimentation®  Of  the  $47,800  annual  damage  to  highways 
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Table  F-2,  Annual  Value  of  Land  Enhancement 
Laurel  Hill  Creek  Watershed 
Youghiogheny  River  Watershed 
(1949  Prices) 


Land  Use  j 

Acres 

! 

Yield 

i 

Value  of 
Production 

Cost  of  j 
Crop 

Production • 
Per  Acre  j 

Net  Value  of 
Production 

Per  j 

Unit  | 

Per 

Acre 

Per  | 
Acre 

Total 

Acres 

1 

(dollars ) 

(dollars)  ] 

(dollars ) 

IRE-SENT 

1 

! 

! 

Corn 

100 

50  Bu. 

lc44  ! 

72  o00 

40.00 

32*00 

3,200 

Oats 

100 

40  Bu. 

.76  | 
1 

30a40 

29.00 

1.40  | 

140 

Hay 

100 

2 Ton 

24048  | 

i 

48c96 

30.00 

18*96  | 

1,896 

Permanent 

1 

i 

j 

Pasture 

1 £ 000 

$8,00 

8.00  ! 
1 

8o00 

2.00 

6.00  i 

I 

6,000 

TOTAL 

1,300 

i 

! 

i 

1 

! 

i 

11,236 

FUTURE 

; 

| t ! 

Corn 

340 

62  Bu* 

1.44 

89*28 

44  c 00 

! 45*28 

15,395 

Oats 

170 

50  Bu. 

0 76 

38.00 

30,00 

| 8.00 

1,360 

Hay 

340 

2.5  Ton 

24*48 

61.20 

32.00 

29.20 

i 

9,928 

Permanent 

{ 

! 

i 

Pasture 

220 

$18*00 

| 18c00 

j 

18.00 

8.60 

j 9,40 

2,068 

1 

Hay- Pasture 

230 

$42e€0 

| 42.60 

42.60 

20.30 

| 22c. 30 

5,129 

TOTAL 

1,300 

1 

I 

l 

1 

| 33,880 
i 

Net  In- 

i 

i 

1 

i 

i 

i 

crease 

l 

i 

i 

! 22,644 

1 

it  is  estimated  that  70  percent  or  $33*500  will  be  prevented,  due 
to  the  soil  stabilizing  effect  of  the  total  land  treatment  program* 
Of  this  benefit,  approximately  80  percent  or  $26,800  is  attributable 
to  the  recommended  program* 

Reduction  of  Dredging  Costs  - Due  to  the  effect  of  the  total 
land  treatment  measures,  it  is  expected  that  deposition  in  the  navi- 
gable channel  of  the  Youghiogheny  River  will  be  reduced  3,000  cubic 
yards  annually*  This  reduction  is  equivalent  to  a benefit  of  $3,750 
of  which  80  percent  or  $3,000  is  attributable  to  the  recommended 
land  treatment  measures. 

Conservation  Benefits 

Benefits  of  the  recommended  program  other  than  flood  and 
sediment  reductions  accrue  as  a result  of  the  following  changes: 

lo  Decrease  in  rate  of  soil  erosion. 

2a  Increased  production  of  crops,  forage  and  forest  land 
products  a 

3*  Savings  in  crop  production  costs. 

These  benefits  are  a result  of  the  conservation  practices 
and  measures  recommended  for  the  attainment  of  reductions  in  flood 
and  sediment  damage s* 

Decrease  in  Rate  of  Soil  Erosion 

Based  on  results. of  soil  erosion  research,  it  is  expected 
that  the  combined  effect  of  the  ’’going”  and  recommended  conserva- 
tion measures  will  reduce  the  annual  soil  erosion  rate  on  cropland 
by  75  percent.  Applying  this  percent  reduction  directly  to  the 
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erosion  damages  shovrn  in  Appendix  B,  the  annual  equivalent  benefit 
is  approximately  §455,900.  The  amount  of  this  benefit  attributable 
to  the  recommended  program  was  estimated  by  a consideration  of  the 
watershed  requirements  of  erosion  control  practices,  their  relative 
effectiveness#  and  the  quantities  of  such  practices  included  in  the 
recommended  program,  A listing  of  the  watershed  needs  for  land 
treatment  measures  and  practices  and  the  recommended  quantities  are 
shown  in  Appendix  C.  Contour  strip  cropping,  diversions  and  ter- 
races, perennial  hay,  and  cover  cropping  are  some  of  the  most  effec- 
tive erosion  controlling  measures©  It  was  estimated  that  approx- 
imately 80  percent  of  the  erosion  control  benefit,  or  §364,700, 
should  be  credited  to  the  recommended  program. 

Increased  Production  of  Crops,  Pasture  and  Forest  Products 

Crops  - Increased  yields,  due  to  improved  land  use,  and  ap- 
plication of  conservation  practices  were  estimated  at  10  percent 
for  row  and  close  growing  crops,  and  22  percent  for  hayP  The  rela- 
tively larger  increase  in  hay  yield  is  due  to  the  addition  of  per- 
ennial hay  in  the  cropping  system.  This  crop,  in  order  to  be  ef- 
fective in  controlling  erosion  and  retarding  runoff,  must  be  ade- 
quately maintained  by  the  application  of  fertilizer 0 For  rotation 
crops  no  changes  in  seed  varieties  or  fertilizer  practices  were 
recommended*.  Retirement  of  the  steeper  and  more  erodible  cropland, 
and  the  application  of  contour  strip  cropping  and  cover  cropping 
along  with  installation  of  adequate  water  disposal  systems  will 
furnish  adequate  erosion  and  runoff  control©  Therefore,  the  esti- 
mated yield  increases  of  rotation  crops  account  for  only  the 
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moisture  conservation  effect  of  the  measures  and  the  retirement  of 
the  lower  yielding  croplands* 

Benefits  from  the  increased  production  of  crops  due  to  the 
influence  of  the  "going"  and  recommended  programs  are  shown  in 
table  F-3,  From  an  analysis  of  the  two  programs  it  was  estimated 
that  approximately  80  percent,  or  $022,700,  of  the  benefit  is  at- 
tributable to  the  recommended  program. 

Pasture  - Management  of  pasture  is  recommended  for  96,500 
acres*  The  measure  "pasture  management",  as  described  in  Appendix 
C,  includes  mowing  to  control  weeds  and  remove  mature  grasses^ 
scattering  of  droppings,  and  regulating  the  intensity  of  grazing* 

The  benefit  from  this  measure  was  based  on  the  estimated  grazing 
capacity  being  increased  from  2,0  acres  per  grazing  unit  to  1.7 
acres  per  grazing  unit.  This  increase  is  equivalent  to  a 17*6 
percent  greater  grazing  capacity*  It  was  estimated  that  the 
yield  of  one  acre  of  pasture  without  "management"  was  equivalent 
to  1*5  tons  of  hay.  Valued  at  $24.48  per  ton  this  hay  equivalent 
is  worth  $36,72.  The  grazing  value,  however,  was  assumed  to  be 
50  percent  of  the  hay  value,  or  $18.36  per  acre.  The  17*6  per- 
cent increase  in  yield  amounts  to  $3.23  per  acre,  or  approxi- 
mately $311,700  for  the  96,500  acres  recommended  to  receive 
management. 

The  attainment  of  the  pasture  benefit  appears  feasible 
in  view  of  present  farm  management  trends  in  the  watershed.  Based 
on  accomplishments  to  date,  it  is  expected  that  "going  programs"  with- 
in the  20-year  installation  period  will  establish  the  required  amount 
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Table  F-3©  Value  of  Crop  Production  Under  Present 
Conditions  and  with  Land  Treatment  Program 
Youghiogheny  River  'Watershed 
(1949  Prices) 


Acres 

Yield 

Production 

Value 

Per 

Unit 

Total 

Value 

Unit 

Amount 

(units ) 

(dollars ) 

(dollars) 

Pre 

sent 

Corn  Grain 

38,231 

Bu. 

39c60 

1,513,948 

1.44 

2,180,085 

Corn  Silage 

15,602 

Ton 

10.00 

156,020 

9.80 

1,528,996 

Wheat 

25,361 

Bu, 

20  = 50 

519,901 

1.80 

935,822 

Oats 

56,547 

B U a 

32  .50 

1,837,778 

.76 

1,396,711 

Hay 

113,374 

Ton 

lo24 

140,584 

24.48 

3,441,495 

Potatoes 

3,630 

Bu. 

180,00 

653,400 

lo55 

1,012,770 

TOTAL 

252,745 

10,495,880 

Wit 

i Land  1 

reatment 

Corn  Grain 

32,324 

Bu, 

43*6 

1,409,326 

lc44 

2,029,429 

Corn  Silage 

13,993 

Ton 

11.0 

153,923 

9.80 

1,508,445 

Wheat 

21,420 

BUe 

22.5 

481,950 

le80 

867,510 

Oats 

47,843 

Bu  , 

35  .7 

1,707,995 

.76 

1,298,076 

Hay 

120,569 

Ton 

lo51 

182,059 

24.48 

4,456 ,804 

Potatoes 

3,630 

Bu, 

198.0 

718,740 

1.55 

1,114,047 

TOTAL 

239,779 

11,274,311 

Ret  Increase  in  Value  of  Production  778,431 
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of  pasture  improvement  by  seeding,  fertilizing,  and  liming*  There 
were  approximately  54^000  grazing  units  in  the  watershed  in  1945, 
as  indicated  by  the  U*  S.  Census*  From  1935  to  1945,  the  average 
annual  increase  amounted  to  about  1,000*  If  this  trend  continues, 
a greater  production  of  pasture  will  be  required* 

Forest  Land  - Economic  returns  to  forest  land  owners  will 
be  increased  through  the  installation  of  the  recommended  program* 
Application  of  improved  forest  management  practices  on  the  area 
recommended  for  treatment  will  increase  the  estimated  present 
average  annual  yield  of  25  cubic  feet  per  acre  to  an  estimated 
average  yield  of  60  cubic  feet  per  acre  or  approximately  240  per- 
cent* 

Evaluation  of  these  benefits  consisted  of  determining  the 
difference  in  value  between  yield  of  average  present  forest  land 
and  yield  that  could  be  expected  under  the  conditions  of  the  recom- 
mended program,©  These  values  were  determined  by  the  application  of 
present  average  stumpage  prices,  v/eighted  by  present  and  estimated 
future  production  of  various  productso  Growth  rates,  commodity 

drain,  and  price  estimates  were  based  largely  on  studies  of  the 
Northeastern  Forest  Experiment  Station*  Present  and  future  esti- 
mated distribution  of  various  products  and  their  values  are  shown 
in  table  F-4* 

On  this  basis  the  value  of  the  present  average  annual  yield 
of  25  cubic  feet  per  acre  is  $lol6©  The  value  of  the  estimated 
future  annual  yield  of  60  cubic  feet  is  $>3oll«  The  increase  in 
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value  is  somewhat  greater  than  the  increase  in  cubic  volume  because 
a larger  percent  of  higher  value  products  will  be  produced  from 
the  well  managed  forest  of  the  future © An  example  of  this  is  the 
increase  in  percent  of  lumber  and  veneer  materials. 


Table  F-4,  Derivation  of  Stumpage  Values  Per  Cubic  Foot 
of  Forest  Land  Growth  Under  Conditions  Without 
and  With  the  Recommended  Program 

Youghiogheny  River  Watershed 


' ‘ 

Without 

Recommended  Program 

With  Recommended 
Program 

Products 

Unit 

Value 

Per 

Unit 

Value 

Per 

Cubic 

Foot 

Propor- 
tion of 
Produc- 
tion 

Propor- 

tionate 

Value 

Propor- 
tion of 
Produc- 
tion 

propor- 

tionate 

Value 

(dol.  ) 

(dol.) 

00 

(dol, ) 

00 

(dol,) 

Lumber 

MBF 

12®  00 

©060 

26 

O0156 

40 

,0240 

Pulpwood 

Cord 

2 ©00 

©031 

30 

©0093 

25 

.0078 

Mine  Tim- 
bers 

Cord 

3o50 

,044 

37 

©0163 

20 

,0088 

Veneer 

MBF 

20®00 

,100 

2 

,0020 

p: 

c0050 

Other 

Cord 

o 

o 

e 

LO 

©062 

5 

o0031 

10 

©0062 

Average 

©0463 

©0518 

Estimates  of  future  values  are  conservative  because  no  ac- 
count was  taken  of  the  increase  in  stumpage  prices  that  should  re- 
sult from  increased  high  quality  material*  and  better  utilization 
and  market  outlets®  The  future  annual  harvest  of  products  without 
a program  was  estimated  to  be  equal  to  present  conditions® 
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Returns  were  computed  only  for  those  areas  devoted  to  tim- 
ber production 3 Approximately  14*400  acres  of  non- commercial 
forest  area,  including  parks  and  game  lands  managed  primarily  for 
purposes  other  than  wood  production  were  excluded  from  all  bene- 
fit computations*  The  net  area  available  for  timber  production 
under  present  conditions  is  574,300  acres*  It  is  estimated  that 
current  programs  will  bring  about  56,500  acres  under  management. 
Accordingly,  future  income  without  the  recommended  program  installed 
was  computed  on  the  basis  of  56,500  acres  producing  an  annual  in- 
come of  $3011  per  acre  and  517,800  acres  producing  an  annual  income 
of  $1016  per  acreo  The  expected  future  annual  returns  are  $776,400. 

The  future  gross  area  of  forest  land  to  be  managed  for  for- 
est products  is  600,800  acres,  1/  Annual  returns  from  this  area, 
with  the  recommended  program  fully  effective,  are  03.11  per  acre0 
The  total  returns  are  $1,868,500* 

The  benefit  attributable  to  the  recommended  program  is  the 
difference  between  the  returns  from  the  total  future  forest  land 
area  and  the  returns  that  would  result  from  the  present  area  with 
only  current  programs  in  effect o This  benefit  amounts  to  $1,092,100* 
Savings  in  Crop  Production  Costs  - It  is  estimated  that  the 
installation  of  the  required  land  treatment  measures  and  practices 
will  effect  net  decreases  in  row  crops  and  close  growing  crops  of 
7,516  acres  and  12,645  acres  respectively  and  a net  increase  of 
7,195  acres  of  hay  crops 0 The  annual  savings  in  production  costs, 

due  to  the  adjustments  in  acreage  of  ro w crops  and  close  growing 

1/  It  is  estimated  that  4,300  acres  of  the  land  acquired  by  the 
public  will  become  a part  of  existing  state  and  local  parks 
and  game  lands. 
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crops,,  were  computed  at  $30o00  and  §22,50  per  acre  respectively. 
These  estimates  represent  averages  of  the  production  costs  pre- 
vailing on  lands  to  be  retired  and  on  lands  converted  to  crops. 
Most  of  the  cropland  to  be  retired  is  on  steep  slopes  and  subject 
to  severe  erosion*  droughty  or  wet,  low  yielding  and,  in  many 
cases,  receives  less  fertilizer  and  cultivation  than  the  better 
lands®  In  general,  its  economic  capacity  is  low* 

Changes  in  production  costs  of  hay  crops  were  based  on  a 
$12*00  per  acre  saving  on  the  29,405  acres  of  hayland  being  re- 
tired and  $25®87  per  acre  increase  on  the  36,600  acres  of  land 
converted  to  perennial  hay.  Since  all  the  production  costs  of 
perennial  hay*  except  for  harvesting,  were  included  in  the  main- 
tenance costs  of  the  program  measures  (see  table  £-2,  item  5), 
only  the  harvesting  cost,  or  §8*00,  was  considered  in  computing 
savings  e 

The  net  effect  of  the  cropland  adjustments  for  the  water- 
shed is  a decrease  in  production  costs  of  approximately  $570,100, 
This  benefit,  $570,100,  is  a result  of  the  land  use  adjustments 
caused  by  the  combined  effect  of  the  ’’going1’  and  recommended  pro- 
grams® From  an  analysis  of  the  two  programs*  it  was  estimated 
that  80  percent,  or  $456,100*  of  the  benefit  is  attributable  to 
the  recommended  program. 

Summary  of  Monetary  Benefits 

The  evaluated  monetary  benefits  attributable  to  the  recom- 
mended program,  when  it  attains  maximum  effectiveness,  are  sum- 
marized in  table  F-50  It  is  estimated  that  openland  measures  will 
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roach  maximum  effectiveness  within  five  years  after  installation. 
The  forest  land  measures  are  expected  to  reach  20  percent  of  maxi- 
mum effectiveness  15  years  after  installation,  87  percent  at  40 
years  and  attain  full  effectiveness  in  70  years.  The  additional 
measures  will  be  fully  effective  immediately  following  their  in- 
stallation. 


Table  F-5.  Estimated  Average  Annual  Monetary  Benefit 


from  the  Recommended  Program 
Youghiogheny  River  Watershed 
(1949  Prices) 


Type  of  Benefit 

Average  Annual  Benefit 

Reduction  in  damage  due  to  inundation 

Within  Watershed 

39-,  700 

Below  YJatershed 

84  900 

Subtotal 

124,600 

Reduction  in  damage  due  to  sediment 

Highways 

26,800 

Channel  Dredging 

5,000 

Subtotal 

29,800 

Reduction  in  damage  due  to  erosion 

364,700 

Land  Enhancement 

64,200 

Other  Benefits 

Increased  Crop  Production 

622,700 

Increased  Pasture  Production 

311,700 

Increased  Forest  Land  Production 

1,092,100 

Saving  on  Crop  Production  Costs 

456,100 

Subtotal 

2,482,600 

TOTAL 

3,065,900 

APPENDIX  G 
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APPENDIX  G.  COMPARISON  OF  BENEFITS  AND  COSTS 

Benefits  and  costs  were  computed  separately  for  the  land 
treatment  program,  the  additional  measures,  and  for  the  individual 
groups  of  measures  that  are  included  in  the  additional  measures# 

All  Benefits  and  costs  were  appraised  in  terms  of  1949  prices*  To 
compare  Benefits  and  costs,  all  values  were  expressed  in  annual 
terras s In  converting  installation  costs  to  annual  values,  and  4 
percent  interest  rates  were  used  respectively  for  puBlic  and  private 
expenditures c For  those  measures  where  a significant  delay  is  ex- 
pected Between  the  time  of  the  expenditure  and  the  accrual  of  the 
Benefit,  discounting  was  employed  using  the  interest  rates  cited 
above*  Shown  in  table  G~1  are  the  computed  Benefit-cost  ratios 
Based  on  prevailing  prices  in  1949  and  under  intermediate  employ- 
ment levels  during  the  period  1955-1965#  The  indices  used  in  con- 
verting Benefits  and  costs  to  1955-1965  price  levels  are  shown  in 
table  G— 2* 

K I | 

Land  Treatment  Measures  and  Practices 

In  developing  the  land  treatment  measures,  the  aim  was  to 
include  only  those  measures  whose  Benefits  were  in  excess  of  costs# 
However,  Because  of  the  interdependency  of  many  individual  measures 
and  practices,  the  Benefits  were  computed  for  groups  of  measures# 

The  methods  of  deriving  costs  and  Benefits  are  shown  in  Appendixes 
E and  Fe 

In  computing  the  Benefit-cost  ratio,  discounting  was  employed 
in  evaluating  Benefits#  In  the  case  of  woodland  measures,  certain 
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Table  G-l.  Annual  Equivalent  of  Benefits  and  Costs  of 
Recommended  Program  by  Groups  of  Measures 
19U9  Prices  and  Alternate  Price  Level 
Youghiogheny  River  Watershed 
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Table  G-2#  Indioes  Used  in  Converting  Costs  and  Benefits 
to  Price  and  Cost  Levels  of  1955-1965  l/ 
Youghiogheny  River  Watershed 


Index  Number  j 


Name  of  Index 

1949 

1955- 

1965 

Item  of  Cost  or  Benefit 

Prices  received  by  farmers  Z/ 

249 

150 

Land  enhancement 

Reduction  in  erosion 
damage 

Increased  crop  produc- 
tion 

Increased  pasture  pro- 
duction 

Prices  paid  by  farmers  Z/ 

238 

155 

Savings  in  production 
costs 

Private  costs  of  chan- 
nel improvement 

Private  costs  of  land 
treatment 

Wholesale  lumber  prices  3/ 

286 

145 

Increased  woodland  pro- 
ducti on 

Construction  cost  4/ 

477 

325 

Reduction  of  flood  dam- 
ages by  land  treatment 
and  water  retarding 
structures 

Reduction  in  sediment 
damage 

All  other  costs 

l/  Under  condition  of  intermediate  employment© 
Zj  Bureau  of  Agricultural  Economics© 

3/  U©  So  Department  of  Labor 0 


4/  Engineering  News -Record, 
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of  the  maintenance  costs  will  occur  in  proportion  to  the  incidence 
of  benefits;  therefore,  they  were  also  discounted®  The  cumulative 
maintenance  costs  of  woodland  measures  to  be  incurred  during  the 
20-year  period  of  installation,  included  in  table  B-2,  were  not 
used  in  computing  the  benefit-cost  ratios®  These  costs  totaled 
$1,883,000,  of  which  $555,000  is  federal,  $524,000  other  public, 
and  $804,000  private*  Since,  for  purposes  of  calculating  benefit- 
cost  comparisons,  the  annual  maintenance  costs  were  considered  to 
start  immediately  after  installing  the  measure,  it  was  not  necessary 
to  include  the  cumulative  maintenance  costs  during  the  20-year  peri- 
od required  to  install  the  entire  program. 

The  land  treatment  costs  and  benefits  were  discounted,  where 
necessary,  and  reduced  to  annual  equivalents  as  follows; 


Costs 


Openland  (discounting  not  necessary) 


Installation 


Annual  Equivalent 


Federa.1 


$2,466,000 


$ 61,650 


Other  Public 


57,000 


1,425 


Private 


1,983,000 


79,320 


Maintenance 


Private 


655,100 


655,100 


Total  Openland  Costs 


$797,495 
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F5?est  Land 

Annual  Equivalent 

Installation  (disc 

ounting  not  necessary) 

Federal 

$1,702,000 

$ 42,550 

Other  Public 

1,410,000 

35,250 

Private 

856,000 

34,240 

Maintenance  (other 

than  timber  marking) 

Federal 

$ 15,000 

$ 15,000 

Other  Public 

10,800 

10, 800 

Private 

68,900 

68,900 

Maintenance  (timber  marking,  discounted) 
Public  (maximum  annual,  $82,800) 


A,  Full  annual  cost  70  years  hence: 
$82,800  x , 17755 


14,701 


B*  87$  of  full  cost  40  years  hence  for 
a period  of  30  years* 

$72,036  x ,19488  1/  14,038 

C,  Annual  cumulative  cost  of  13$  x 82,800 

30 

40  years  hence  for  a period  of  30  years: 

$359  x 2,66335  2 ' ' 956 


D.  20%,  of  full  cost  15  years  hence  for  a 
period  of  25  years: 

$16,560  x $ 3 1804  £/  5,267 


E#  Annual  cumulative  cost  of  ($72,036  - $16,560) 

25 

15  years  hence  for  a period  of  25  years: 

$2,219  x 3,72669  4/  8,274 


F,  Annual  cumulative  cost  of  20$  x $82,800 

15 


for  15  years: 

$1,104  x 2.33393  5/  2,577 

l/  Discount  factor,  20*93029  x ,37243  x #025  = #19488 

Discount  factor,  286,05078  x #37243  x #025  =:  2,66335 
Zj  Discount  factor,  18,42438  x *69047  x #025  = ,31804 

4/  Discount  factor,  216,00885  x ,69047  x ,025  = 3,72869 
Discount  factor,  93,35715  x ,025  ~ 2,33393 
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Annual  Equivalent 

Private  (maximum,  annual,  $13,500) 

A#  Full  annual  cost  70  years  hence? 

$13,500  x .06422  $ 867 

B.  87 % of  full  cost  40  years  hence  for 
a period  of  30  years? 

#11,745  x c 14407  l/  1,692 

C«  Annual  cumulative  cost  of  13%  x 13,500 

“30 

40  years  hence  for  a period  of  30  years? 

$58.50  x 1.81924  2/  106 

D*  20%  of  full  cost  15  years  hence  for  a 
period  of  25  years? 

$2,700  x .34697  3/  937 

E»  Annual  cumulative  cost  of  ($11,745  - $2,700) 

25 

15  years  hence  for  a period  of  25  years? 
$362x3.814104/  * 1,381 

F.  Annual  cumulative  cost  of  20%  x 13,500 

~ - 

for  15  years? 

$180  x 3.23416  5/  582 

Total  Forest  Land  Costs:  $258,118 

Total  Land  Treatment  Costs?  $1,055,613 


if  Discount  factor,  17,29203  x .20829  x fl04  = <,14407 
2/  Discount  factor,  218.35386  x .20829  x .04  =1.81924 
3/  Discount  factor,  15.62208  x .55526  x .04  = .34697 
4/  Discount  factor,  171.72608  x .55526  x .04  =3.81410 
hf  Discount  factor,  80.85389  x .04  =3.23416 
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Benefits 

Reduction  in  Flood  Damage  Due  to  Forest  Land  Treatment 
(Maximum  Annual  $78,100) 

Annual  Equivalent 


A*  Full  annual  benefit  JO  years  hence: 
178,100  X *17755 


§13,867 


B*  &J%  of  full  benefit  i+0  years  hence  for 
a period  of  30  years: 

$67,91+7  x .19I+88  1/ 

C e Annual  emulative  benefit  of  13%  x §73*100 

30 

1+0  years  hence  for  a period  of  30  years: 
§338  x 2,66335  2/ 

Do  20%  of  full  benefit  15  years  hence  for 
a period  of  25  years: 

§15,620  x *31804  j>/ 


E.  Annual  cumulative  benefit  of  (67*91+7  **  15,620) 

25 

15  years  hence  for  a period  of  25  years: 

02,093  x 3.72869  1+/ 


F 


Annual  cumulative  benefit  of  20%>  x §78,100 

T5  ~~ 


for  15  years: 

$1,01+1  x 2.33393  5/ 


TOTAL 

Reduction  in  Flood  Damage  Due  to  Openland  Treatment 
( Maximum  Annual  $35*700) 

A,  Full  annual  benefit  5 years  hence: 

133*700  x 088385 


B. 


Annual  emulative  benefit  of  33 5 700 

5 


for  5 years: 

$6,71+0  x ,31+270  6/ 


$13,21+2 


900 


1+.968 


7»80l+ 


2,1+30 

$1+3,211 


$29,786 


2,310 


TOTAL 

17"  Discount  factor,  20,93029  x « 3721+3  x »025 
2/  Discount  factor,  286cC5078  x e 3721+3  x *025 
3/  Discount  factor,  18cl+2l+38  x o690l+7  x ,025 
h/  Discount  factor,  216.00885  x «690l+7  x *025 
5/  Discount  factor,  93 « 35715  x *025 
6/  Discount  factor,  13.70811  x O025 


= <191+88 
=s  2,66335 
- .31801+ 
= 3^72869 
= 2,33393 
= .3U270 


§52,096 
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Reduction  in  Damage  Due  to  Erosion 

(Maximum  Annual  $364,700) 

Annual  Equivalent 


Ae  Full  annual  benefit  5 years  hence? 
$364,700  x o 82193 


3*  Annual  cumulative  benefit  of  364, 700 

5 


for  5 years • 

$72,940  x (i 52026  l/ 

TOTAL 


Reduction  in  Sediment  Damage  to  Highways 
(Maximum  Annual  $26,800) 


A,  Full  annual  benefit  5 years  hence? 
$26,800  x ,88385 


B, 


Annual  cumulative  benefit  of  26,800 

- 


for  5 years? 

$5,560  x ,34270  Z/ 


TOTAL 


Reduction  in  Channel  Dredging  Costs 
(Maximum  Annual  <$3, 000) 


A, 

B, 


Full  annual  benefit  5 years  hence? 
$3,000  x 9 88385 

Annual  cumulative  benefit  of  35000 

~5~ 


for  5 years  ? 

$600  x o 342 70  2/ 


TOTAL 


l/  Discount  factor, 
2/  Discount  factor, 


13,00649  x ,04 
13,70811  x ,025 


,52026 

.34270 


$299,758 


37,948 

$337,706 


$ 23,687 


1,837 
$ 25,524 


$ 2,652 


206 
$ 2,858 
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Increased  Forest  Land  Production 

(Maximum  Annual  $1,092,100)  

Annual  Equival ent 


A.  Full  annual  benefit  70  years  hence: 
|ls092,100  x » 06)^22 

B*  87$  of  full  benefit  Uo  years  hence 
for  a period  of  30  years: 

§950,127  x .11*1*07  1/ 


C«  Annual  cumulative  benefit  of  13%  x $1,092,100 

30 

I4.O  years  hence  for  a period  of  30  years: 
§1*,732  X 1.81921*  2/ 

f D,  20 % of  full  benefit  15  years  hence  for 

a period  of  25  years: 

§218,1*20  x ,31*697  3/ 


I 70,135 
136,885 


8,609 

75.785 


E«  Annual  cumulative  benefit  of  ($950,127  - $2l8,ii20) 

‘ 25 

15  years  hence  for  a period  of  25  years: 

$29,268  x 3,8li|10  h/  111,631 


F. 


Annual  cumulative  benefit  of  20%  x $1,092-100 

' 15' 


for  15  years  • 

§ll*,56l  x 3,231*16  5/ 


TOTAL 


1*7,093 

§1*50,138 


Increased  Crop  Production 
(Maximum  Annual  $622/700) 


A.  Full  annual  benefit  5 years  hence: 
$622,700  x ,82193 


$511,816 


B. 


Annual  cumulative  benefit  of  622,700 

“5 


for  5 years: 

$12U,5U0  x * 52026  6/ 


614,793 


TOTAL  $576,609 

l/  Discount  factor,  17*29203  x ,20829  x . 0I4  = .1)4)407 

2/  Discount  factor,  218.35386  x .20829  x .0)4  = 1.8192U 

3/  Discount  factor,  15.62208  x .55526  x .0)4  = .3)4697 

h/  Discount  factor,  171*72608  x .55526  x .04  = 3*81^10 

5/  Discount  factor,  80.85389  x • 0I4  = 3.2JU16 

6/  Discount  factor,  13*006)49  x .0)4  = .52026 
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Increased  pasture  Production 
(Maximum  Annual  $311*700 


Annual  Equivalent 

A*  Full  annual  benefit  5 years  hence 5 
$311*700  x e 82193 

$256*196 

B»  Annual  cumulative  benefit  of  311*700 

5 

for  5 years  % 

$62,340  x ,52026  l/ 

32*433 

TOTAL 

Savings  in  Crop  Production  Costs 
(Maximum  Annual  $4-56*100) 

$288,629 

A,  Full  annual  benefit  5 years  hence: 
$456,100  x ,82193 

$374,882 

Bs  Annual  cumulative  benefit  of  456*100 

5 

for  5 years ; 

$91*220  x c 52026  l/ 

47,458 

TOTAL 

% 

$422,340 

Additional  Measures 

In  determining  the  additional  measures  to  he  recommended* 
each  specific  measure  was  evaluated  to  determine  its  cost  and  bene- 
fit* and  only  those  with  benefits  in  excess  of  costs  were  recom- 
mendedo 

The  benefit-cost  ratios  for  water  retarding  structures  include 
more  than  one  structure.  However,  the  incremental  benefit  of  each 
additional  structure,  in  all  cases,  was  greater  than  the  incremental 
cost0 


l/  Discount  factor,  13 0 00649  x s04  = $ 


52026 
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The  annual  equivalents  of  costs  and  benefits  of  the  two 
groups  of  additional  measures  were  developed  as  follows: 

Channel  Improvement 


Costs: 

Annual  Equivalent 

Installation: 


Federal  $623,000 

$15,575 

Private  189,000 

7,560 

Maintenance: 


Other  Public  12,600 

12,600 

Private  7, 700 

7,700 

Total  Cost 

#43,435 

Bene fits 


Land  Enhancement  64,200 

64,200 

Floodwater  Retarding  Structures  (jacks  Run,  4 Structures) 
Costs : 

Installati on 


Federal  $ 99,000 

$ 2,475 

Other  Rib lie  2,300 

58 

Private  1,100 

44 

Maintenance: 


Other  Rib  lie 

1,000 

Total  Cost 

# 3,577 

Benefits 

Reduction  of  Flood  Damage 


5,500 


' 
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Floodwater  Retarding  Structures 

(Wilson  Creek, 

3 Structures) 

Costs  s 

Annual  Equivalent 

Installations 

Federal 

|59,000 

$1,475 

Other  Public 

7,700 

192 

Private 

900 

36 

Maintenances 

Other  Public 

800 

800 

Total  Cost 

$2,503 

Benefit* 

Reduction  of  Flood  Damage 

7,300 

Conversion  of  1949  Prices  and  Costs  to  1955-1965  Levels 


To  convert  the  benefits  and  costs  calculated  in  terms  of 
1949  prices  and  costs  to  those  expected  to  prevail  during  the  peri- 
od 1955-1965  the  indices  shown  in  table  G-2  were  used0 
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The  recommended  program  described  and  evaluated  in  these  ap- 
pendixes includes  woodland  management  measures  for  600* 800  acres* 
the  area  which  should  be  treated  to  achieve  the  most  effective  pro- 
gram of  runoff  and  waterflow  retardation  and  soil  erosion  preven- 
tion©  An  evaluation  of  the  progress  of  the  going  program  as  it  is 
now  operating  and  as  it  is  affected  by  the  lack  of  some  form  of 
public  control  of  forest  practices  on  private  land  indicates  that 
this  full  treatment  will  not  be  fully  attained  during  the  20-year 
installation  period©  In  order  to  make  the  program  consistent  with 
these  indications * the  recommendations  presented  in  the  report  in- 
clude woodland  measures  for  only  the  area  on  which  it  is  estimated 
these  measures  will  be  maintainedc  The  quantities  of  woodland  meas- 
ures recommended  in  the  report  were  obtained  by  reducing  those 
shown  for  private  woodland  in  the  appendixes  by  percent 0 Ac- 
cordingly* both  the  areas  to  be  treated  and  the  costs  of  private 
woodland  treatments  were  reduced  by  this  percentage 0 The  recom- 
mended woodland  measures  now  include  management  for  33 7,? 300  acres 
of  woodland  at  an  estimated  installation  cost  of  $797^000  to  the 
Federal  Government  and  $1*3U5jOOO  to  local  interests©  The  revised 
estimates  of  annual  operation  and  maintenance  costs  of  this  measure 
a re  $22*500  to  the  Federal  Government  and  $66*1;00  to  local  interests© 
Tree  and  shrub  planting  was  also  revised  and  is  now  recommended  on 
21*1*00  acres  at  an  estimated  installation  cost  of  $298*000  to  the 
Federal  Government  and  $211*000  to  local  interests©  These  changes 
resulted  in  a reduction  of  hi  percent  in  the  total  cost  of  the 
woodland  measures©  The  annual  equivalent  of  all  costs  for  woodland 
treatment  was  approximated  by  making  a reduction  of  1*7  percent© 
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The  benefits  derived  from  woodland  measures  were  reduced  in 
proportion  to  the  reduction  in  cost  of  these  measures o This  re- 
sulted in  the  following  changes: 

1®  Reduction  in  damage  due  to  inundation*  sham  on  page  G~5* 
was  reduced  from  $1*3*211  to  $22*900® 

2o  Total  woodland  production  benefits*  shown  on  page  G-*7* 
were  reduced  from  $1*50*138  to  $238*570® 

The  net  effect  on  the  (19l*9)  annual  costs  and  benefits  of 
the  land  treatment  measures*  as  shown  in  table  G-l*  was  a change  in 
costs  from  $1*0555813  to  $931**295*  and  a change  in  benefits  from 
$2*179*H1  to  $1*91*7*232®  Costs  and  benefits  based  on  1955~1965 
prices  changed  respectively  from  $693*896  to  $613*832  and  $1*298*587 
to  $1*160*5£0*  making  a benefit-cost  ratio  of  I089  to  1©  The  re« 
vised  ratio  for  the  entire  recommended  program  is  changed  from  1®85 
to  1 to  ls87  to  lo 
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